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1. Executive Summary

This pilot study was performed as a collaboratifire between the Central Valley
Regional Water Quality Control Board (CVRWQCB), t€ Davis Aquatic Toxicity
Laboratory (UCD-ATL), and the Sacramento Regionahst®water Treatment Plant
(SRWTP) to assess the potential toxicity of ammama treated wastewater effluent
from the Sacramento Regional Wastewater Treatmant B larval delta smelt.

Separate experiments were conducted on June 5xp2iinent 1) and July 17-24, 2008
(Experiment 11). Both consisted of two series otrgasing concentrations of total
ammonia and ammonium (ammonia/ium). The two sounf@snmonia/ium were 1) the
SRWTP effluent, and 2) a concentrated stock salutb ammonium chloride (4,000
ppm). Experiment | consisted of five concentratiohemmonia/ium from NECI (0.25-

4 mg/L) and 4 concentrations (0.25-2 mg/L) of ammbam from SRWTP effluent.
Experiment Il consisted of four NEI treatments (1.0-8.0 mg/L ammonia/ium) and five
SRWTP effluent treatments (0.5-8.0 mg/L ammoniajiuthe dilution water used for
both test series was ambient water collected flmenSacramento River at Garcia Bend
upstream from the SRWTP. Garcia Bend water wasc@tl daily, one day prior to
being used for testing throughout the 7-d flow-tigio test. SRWTP effluent in the form
of 24-h composite samples was also collected daibntrol treatments for delta smelt
consisted of water obtained from the delta smeltuaong facility, unaltered upstream
Garcia Bend Sacramento River water (field contesiyl delta smelt culturing facility
water adjusted with distilled water to the conduitti of Sacramento River water (low-
EC control). Exposure experiment | was conductettoorently with larval delta smelt
(Hypomesus transpacificus) and larval fathead minnow Pimephales promelas).
Reference toxicant tests were performed for bo#tisis to account for differences in
organism sensitivity. Test protocol specified thatta smelt survival in both culture
facility and low-EC control water be at least 60rqemt for the test results to be
considered acceptable.

Control survival of 55-d old delta smelt larvaeERrperiment | was above 60%, and thus
met test acceptability criteria. Mean control suaVi in hatchery water and low
conductivity (EC) water (EC=112 pS/cm) was 91.7%d &1.3%, respectively. No
significant effect on 7-d survival was detecteaifluent and NHCI treatments. Survival
of 43-d old delta smelt larvae in Experiment Il wadow 60% in the low EC control
treatment, and thus this test did not meet accéiyatriteria.

No significant reduction in 7-d survival was deggttin larval fathead minnow tests
performed concurrently with Experiment |. SRWTP \eheffluent testing resulted in 96-
h fathead minnow survival of 95-100% during the exxpental period in June, and 90-
95% during the experimental period in July.

The bioassay results suggest that ammonia contensapresent in the Sacramento
River below the SRWTP are not acutely toxic to 5&ldidelta smelt. However, based on
information provided by USEPA (1999) and other telastudies, it is possible that
concentrations below the SRWTP may be chronicalkict to delta smelt and other
sensitive fish species.



2. Background

Potential sources of contaminants and their detetereffects to fish in the Sacramento-
San Joaquin Delta are of particular interest dueeigative long-term population trends
and a possible step decline in numbers of sevelabje fish species in the years 2000-
2001 (Feyrer et al., 2007). This trend, known asgllagic organism decline (POD), has
been the focus of an increasing number of investiga over the past several years, but
no single cause has so far been identified. DetigltsHypomesus transpacificus) is one

of the species of concern in the POD. It is endemmithe Delta and has been federally
listed as threatened since 1993. Results of a restedy performed in the Sacramento-
San Joaquin (SSJ) Delta suggest, that ammonia/iay e contributing to aquatic
invertebrate toxicity observed during 2006-2007f btm date there is no conclusive
evidence for ammonia-related toxicity on delta sriMlerner et al. 2008).

The term ammonia/ium refers to two chemical spesig@gh are in equilibrium in water
(NHs, un-ionized and NHi, ionized) according to NH+ H® <& NH,". Tests for
ammonia/ium usually measure total ammonia plus anmm®o, while the toxicity is
primarily attributable to the un-ionized form. Irergeral, more ammonia and greater
toxicity exist at higher pH, because its relativegortion increases with increasing pH
according to the following equations (US EPA, 1985)

1/1+10°*P" =0 NH
where: pKa = 0.0902 + [2729.9/(°C+273.2)]

Temperature will affect this equilibrium, but tofar lesser extent than pH. Acute fish
toxicity of ammonia decreases with increasing tenajpee, but toxicity of total
ammonia/ium shows no correlation with temperatW8 EPA, 1999). This is probably
due to an increase in the permeability of biololgimembranes such as gills by a factor of
2-3 for each 1%C increase in water temperature (Eddy, 2005). i réport, we refer to
the sum of ammonia and ammonium as ammonia/ium,tarttie unionized form as
ammonia.

The Sacramento River drains into delta smelt spagvaind larval nursery areas, thus
toxicants present in river water could potentiaf§ect early life stages of delta smelt
found downstream. Werner et al. (2008) found thmbiant ammonia concentrations
were greatest (<0.012 mg/L) at Grand Island (PQ® &11), near the Sacramento River
confluence with the Deep Water Shipping Channel.nfamia concentrations in the
Sacramento River at Hood were lower (<0.004 mg/ionined ammonia) than at Grand
Island, likely due to the lower pH of the river watat Hood. During the 2006-07
monitoring period, the pH range measured at Hoosl ?@-7.6, while pH at Grand Island
was 6.6-8.3. Water temperature in the river was26°C (Werner et al. 2008). Treated
effluent discharged into the river by SRWTP cordaammonia/ium at an average
concentration of 24 + 3.4 mg/L (2006-2007), and mmaxn ambient concentrations in
the Sacramento River downstream of the point ofhdigge are approximately 1 mg/L .
ammonia/ium. For 2007/08, SRWTP reports mean daifymonia concentrations of - - | SommentIiwLk cam coudyon

0.0085 + 0.005 mg/L (SRWTP, unpublished data). Eomparison, the pH- and appreciate receiving the corresponding

total ammonia/ium concentrations.




temperature-dependent US EPA chronic water quelitgria (30-day average) for water
bodies where early life stages of fish are presmmge from 0.827 mg/L ammonia/ium at
pH 8.3 and T=2%C (0.079 mg/L ammonia), to 6.57 mg/L at pH 6.6 amwD-14C
(0.0066 mg/L ammonia at €) (USEPA 1999). The highest 4-day average withi t
30-d period should not exceed 2.5 times the chronieria.

While effluents from municipal wastewater treatmetants (WWTP) are the primary
point source of ammonia/ium in rivers of the Unifetdhtes (Mitsch et al. 2001), they also
contain complex mixtures of numerous other chemi¢bhluang and Sedlak, 2001 and
references therein). The acute effects of such wammixtures on delta smelt are
currently unknown. This pilot study was therefoesigned to investigate the potential
acute toxicity of ammonia and other chemicals ptdéin present in SRWTP effluent to
larval delta smelt. Is is a collaborative effortween the Central Valley Regional Water
Quality Control Board (CVRWQCB), the UC Davis Agigat oxicity Laboratory (UCD-
ATL), and SRWTP.

The study addressed the following hypotheses:

1. Larval delta smelt survival is negatively impactbg ambient ammonia/ium
concentrations in the Sacramento River with inégrepgoncentrations causing
increased mortality.

2. Larval delta smelt survival is negatively impactgdone or more contaminant(s)
that are positively correlated with ammonia/iummir@RWTP.

3. Materials and Methods

3.1 Test Design

Separate experiments were conducted on June 5xp2iinent 1) and July 17-24, 2008
(Experiment II). Both consisted of two series ofcrigasing concentrations of
ammonia/ium. Concentrations selected were basederuironmental relevance and
ammonia/ium effect concentrations determined ielated study, where the 96-h LC50
for 50-d old delta smelt was 12 mg/L ammonia/iunl{d mg/L ammonia). The no

observed effect concentration (NOEC) was 5 mg/L amafium (0.066 mg/L ammonia)

(UCD-ATL, unpublished data).

The sources of ammonia/ium were 1) the SRWTP effluend 2) a concentrated stock
solution of ammonium chloride (4,000 ppm MH). Experiment | consisted of five
concentrations of ammonia/ium from NE (0.25-4 mg/L) and 4 concentrations (0.25-2
mg/L) of ammonia/ium from SRWTP effluent (Table Experiment Il consisted of four
NH4CI treatments (1.0-8.0 mg/L ammonia/ium) and fiveVETP effluent treatments
(0.5-8.0 mg/L ammonia/ium). The dilution water uded both test series was ambient
water collected from the Sacramento River at GaB#gd, approximately 2 miles
upstream from the SRWTP. Garcia Bend water wasc@tl daily, one day prior to
being used for testing throughout the 7-d test. SRWffluent in the form of 24-h
composite samples was also collected daily. Exgosuperiments were conducted with
larval delta smelt Hypomesus transpacificus) and larval fathead minnowPimephales
promelas). P. promelas was used in Experiment | only.



Table 1. Treatment lists and total nominal ammamia/ concentrations for each

experiment.

Experiment |
June 5-12, 2008

Experiment 11
July 17-24, 2008

Sac River at Garcia Bend (SRGB)

SRGB w/ 0.25 mg/L NEINH," from NH,CI
SRGB w/ 0.50 mg/L NEINH," from NH,CI
SRGB w/ 1.00 mg/L NEINH," from NH,CI
SRGB w/ 2.00 mg/L NEINH," from NH,CI

Sac River at G&erad (SRGB)
SRGB w/ 1.00 mg/L NEINH," from NH,CI
SRGB w/ 2.00 mg/L NEINH," from NH,CI
SRGB w/ 4.00 mg/L NEINH," from NH,CI
SRGB w/ 8.00 mg/L NEINH," from NH,CI

SRGB w/ 4.00 mg/L NEINH," from NH,CI

SRGB w/ 0.25 mg/L NKINH," from SRWTP
SRGB w/ 0.50 mg/L NEINH," from SRWTP
SRGB w/ 1.00 mg/L NEINH," from SRWTP
SRGB w/ 2.00 mg/L NEINH," from SRWTP

SRGB w/ 0.50 mg/L NHNH," from SRWTP
SRGB w/ 1.00 mg/L NHNH," from SRWTP
SRGB w/ 2.00 mg/L NHNH," from SRWTP
SRGB w/ 4.00 mg/L NMNH," from SRWTP
SRGB w/ 8.00 mg/L NEINH," from SRWTP

Low Conductivity Controlto match SRGB Low Conductivity Controlto match SRGB
conductivity and turbidity (NTU) conductivity and turbidity (NTU)

Hatchery Water Controlto match rearing Hatchery Water Controto match rearing
conductivity and 11 NTU conductivity and 11 NTU

3.2 Sample Preparation

On seven consecutive days, CVRWQCB staff colle&®éb0 gal of water from mid-
channel in the Sacramento River at Garcia Bend Ri@ 5-gallon clear plastic
cubitainers. Samples were collected using a batipeyated bilge pump with a 20 ft hose
mounted on a buoy. The pump and hose were fluslitbdriwer water for a minimum of
three minutes each day prior to collecting the deampCubitainers were rinsed with river
water three times prior to filling. On the same d&6 gallons of SRWTP effluent (24-h
composite sample) were provided by SRWTP in 1-gdlex plastic cubitainers. Samples
were transported on ice to UCD-ATL. Within one hofisample delivery to UCD-ATL,
the SRWTP effluent from different cubitainers wasnposited in a large LDPE (Low
Density Poly Ethylene) or HDPE (High Density Polyhyene) container. Ambient
SRGB water was composited in a 55 gal HDPE contagbsamples of 22 L were used
to prepare ammonia/ium exposure concentrationsl€THbfor the larval delta smelt and
a parallel larval fathead minnow test. Each dayhef experiment, a stock solution of
ammonium chloride (15.352g/L NBI) was used to prepare exposure solutions.
Dilutions of SRWTP effluent were also prepared ylaiffter each solution was
thoroughly stirred, total ammonia/ium was measutednstances where measurements
were more than * 8% of the target concentratior, shmple was either spiked with
additional ammonium chloride or SRWTP effluent, diluted with SRGB to adjust
concentrations.



3.3 Measurement of Water Quality Parameters

The following water quality parameters were measwpon sample receipt: turbidity,
pH, temperature, total hardness (mg/L as CgCalkalinity (mg/L as CaCg), specific
conductance (SC), dissolved oxygen (DO), and tatanonia/ium. Ammonia/ium was
measured within 30 min. of sample receipt. Datashmvn in Tables 2 and 3.

At test initiation, total ammonia/ium, hardness, @0, electrical conductivity (EC), SC,
turbidity and temperature were measured in eadcinrent. A subsample was obtained
by pooling approximately 50 mL from each of the rfaaplicate tanks per treatment.
During the test, ammonia/ium, turbidity, pH, disssl oxygen and temperature were
measured twice daily at 9:00 AM and 4:00 PM. Hasdnand EC were measured once
daily. Detailed water quality data for both expegirts are presented in the Appendix
(Tables A3-A26).

Ammonia/ium was measured using a HACH DR/890 Coieter Meter and a HACH
AmVer™ Low Range Ammonia Test ‘N Tub% Reagent Set 0-2.5 mg/L N (HACH Inc.,
Catalog # 26045-45). This low-range reagent kit weed for the majority of
ammonia/ium measurements because it was found tmdse accurate than the high
range kit (HACH AmVef" High Range Ammonia Test ‘N TubBé Reagent Set 0-50
mg/L N, Catalog # 26069-450). When concentratiorteeded the low range maximum,
samples were diluted with de-ionized water. In @iddj twenty water samples (June
2008) were sent to an outside laboratory (CLS, RanCordova, CA) to verify the
accuracy of this methoéResults showed that ammonia measurements obtagiregl the
HACH AmVer™ Low Range Ammonia Test ‘N TuB& Reagent Set did not differ
significantly from analytical chemistry measurense(iR2=0.988-0.997). More detailed
information is presented in the Appendix, Sectio(TAble Al, Figures A1-A3).

3.4  pH Drift Study

A 24-h test was performed to verify if pH and/orraomia/ium concentrations changed
under experimental conditions. Over the 24-h peribd pH increased by an average of
0.37, and ammonia/ium increased by 0.18 mg/L i ledtiluent and ammonium chloride

solutions (nominal concentration: 2 mg/L). Thereravao differences between effluent
and ammonium-chloride solutions (Table A2, Apperigijx



Table 2. Water quality parameters measured upomplsareceipt of 100% effluent from the SacramenégiBnal Water
Treatment Plant and of ambient river water from 8seramento River at Garcia Bend for use inHartranspacificus
exposure initiated on 6/5/08.

. Ammonia/ Hardness Alkalinit
Sample Date -[;Z‘;t T(u’\:tTnSl)ty ium pH -Efgp (mg/Las (mg/L a); (uSS/%m) (rrl:l)g?L)
(mglL) CaCQ) CaCQ)
SRWTP 6/5/2008 0 5.63 31.5 6.90 6.0 120 160 931 1 11.
SRWTP 6/6/2008 1 7.9 34.0 6.98 12.2 128 166 916 2 10.
SRWTP 6/7/2008 2 6.12 33.0 6.91 6.9 136 166 937 5 10.
SRWTP 6/8/2008 3 5.78 29.5 7.02 11.0 184 152 901 5 9.
SRWTP 6/9/2008 4 4.26 28.5 6.82 6.7 128 132 844 6 10.
SRWTP 6/10/2008 5 4.15 29.5 6.65 6.6 136 140 574 .8 10
SRWTP 6/11/2008 6 5.02 33.0 6.89 12.1 140 146 862 .6 9
Sac River at Garcia Bend 6/5/2008 0 14.3 0.03 7.921.1 80 74 182.3 8.6
Sac River at Garcia Bend 6/6/2008 1 10.5 0.03 7.7410.5 64 78 198.4 9.6
Sac River at Garcia Bend 6/7/2008 2 9.61 0.00 7.9316.5 80 78 174 9.6
Sac River at Garcia Bend 6/8/2008 3 11.5 0.04 7.8415.2 72 70 172.4 9.1
Sac River at Garcia Bend 6/9/2008 4 12.2 0.02 7.7817.3 64 68 175 8.7
Sac River at Garcia Bend 6/10/2008 5 14.6 0.03 7.6916.3 56 62 122 9.5
Sac River at Garcia Bend 6/11/2008 6 15 0.02 796311 52 60 139.3 9.8




Table 3. Water quality parameters measured upoiplsareceipt of 100% effluent from the SacramerggiBnal Water
Treatment Plant and of ambient river water from3$laeramento River at Garcia Bend for use itatmanspacificus
exposure initiated on 7/17/08.

. Ammonia/ Hardness Alkalinit
Sample Date Ezsyt T(UI\TT)ISI)W ium pH -Efgp (mg/L (mg/Ly (uSS/%m) (rrl?g?L)
(mg/L) CaCQ) CaCQ)

SRWTP 7/17/2008 0 431 31.0 7.24 6.3 124 136 850 8 9.
SRWTP 7/18/2008 1 4.44 28.0 7.17 24.1 128 142 138.48.4
SRWTP 7/19/2008 2 5.74 35.0 6.87 7.2 120 144 866 .6 10
SRWTP 7/20/2008 3 7.05 28.0 6.78 7.3 120 134 860 511
SRWTP 7/21/2008 4 6.68 26.0 6.79 6.8 120 127 809 311
SRWTP 7/22/2008 5 6.00 26.0 6.83 5.3 132 124 818 .9 10
SRWTP 7/23/2008 6 4.03 25.0 6.86 5.4 120 134 820 811
Sac River at Garcia Bend 7/17/2008 0 6.97 0.01 7.883.7 52 64 154.4 9.0
Sac River at Garcia Bend 7/18/2008 1 4.73 0.00 7.924.0 60 64 143.5 8.3
Sac River at Garcia Bend 7/19/2008 2 5.71 0.02 7.807.4 32 66 147.7 9.0
Sac River at Garcia Bend 7/20/2008 3 5.90 0.11 7.886.4 56 64 143.1 9.8
Sac River at Garcia Bend 7/21/2008 4 5.44 0.02 7.883.8 56 62 139.4 10.0
Sac River at Garcia Bend 7/22/2008 5 5.60 0.02 7.810.9 48 62 143.5 9.9
Sac River at Garcia Bend 7/23/2008 6 7.34 0.01 7.880.8 56 40 138.3 9.8

10



3.5 Tests with Larval Delta SmeH. transpacificus)

No standard test protocols exist for delta smelti procedures were based on protocols
developed at the UCD-ATL. According to the Ammoiaxicity Sampling and Analysis
Plan (2008), survival in both the hatchery and B control treatments must be at least
60% for test results to be considered acceptable.

Larval H. transpacificus were obtained from the UC Davis Fish Culture and
Conservation Laboratory (FCCL) in Byron, CA. Fislere transported to UCD-ATL in
black 2-gal buckets at a maximum density of 150 fier bucket. The buckets were
placed in coolers and packed lightly with ice toimgin a temperature of 16 + 2°C
during transportThe control water used in both the ammonia/ium expes and the
copper reference toxicant tests were made fromrvediained from the hatchery. Water
from FCCL was also used for control and low coniitgtcontrol treatments. This water
is pumped directly from the intake channel of th®©HBanks Pumping Facility near
Byron, CA, then passed through a series of sedimentation bedtining natural
vegetation to allow any suspended solids in thewtat precipitate. The less turbid water
is then exposed to an ozonation system to kill gogentially harmful microbes.
Ozonated FCCL water was transported to UCD-ATL, apgropriate control waters
were prepared for the test one day before fish weltected.

3.5.1 Ammonia/ium Exposures

After arrival at UCD-ATL delta smelt used in ammafiim and low conductivity control
treatments were acclimated for two days to theipeonductance of Sacramento River
water. Fish age at test initiation was 55 dph ¢dagst-hatch) and 43 dph for the June
and July experiments, respectively.

Upon arrival at UCD-ATL, the transport buckets @ning the fish were placed into a
temperature-regulated water bath maintained at .16f@-liter beakers were used to
carefully collect fish from the buckets, and fistere gently poured into a glass pan
containing water at a depth of approximately 2 &ish were then gently scooped up
using 100 mL beakers and released into 2.5-galsexpdanks at random, by submerging
the beaker and allowing fish to swim freely inte tnks. Ten to twelve fish were placed
into each of the test tanks (4 replicates permmeat) containing 7 L of hatchery water for
a 48-h EC acclimation period (Werner et al., 2008%h in all tanks except laboratory
controls were acclimated with hatchery water dduteth distilled water to match the
conductivity of SRGB, while the fish in the labarat control treatment were acclimated
to the exposure chambers at a conductivity matckiregfish’s rearing conditionsA
more detailed description of the acclimation praredis provided by Werner et al.
(2007). Nanno 3600™, a concentrafdannochloropsis algae solution (68 billion cells
per ml; Reed Mariculture, Inc. Campbell, CA) wasled to increase the turbidity of the
control and low conductivity control treatments. tast initiation, the acclimation water
was drawn down from 7 L to approximately 2 L toallfor an accurate count of living
fish. If more than 10 fish were alive in a replieathe extra fish were counted, but were
not removed from the tank in order to minimize Hamy stress. During the exposure
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period, water was renewed daily by means of a sirglem at a rate of 1 mL/min. Dead
fish were counted and removed daily, as well as exgess food and detritus. The
feeding behavior of fish was monitored throughdwt duration of the test. At test
termination, the number of surviving fish was retsat.

3.5.2 Copper Reference Toxicant Tests

Fish from each batch of delta smelt larvae usedtlie@ ammonia/ium experiments
described above underwent a 96-h reference toxieshtwith copper to determine the
relative sensitivity of the fish. Fish were accliexh to test conditions in the buckets used
for transportation from the FCCL to minimize handlistress. Acclimation was for 24 hr
in hatchery water adjusted to an SC of 900 uS/cth imistant Ocean and a pH of 7.9.
These conditions as well as the acclimation pewiede chosen based on the conditions
of a previous copper LC50 study, and designed micaverage conditions in the Delta.

Tests were performed with hatchery water filtede@uagh a 1 micron filter and adjusted
to an SC of 900 uS/cm and a pH of 7.9. Other waielity parameters were as follows:
Experiment |: Turbidity, 0.70 NTU; hardness, 160 /Imgalkalinity, 86 mg/L;
ammonia/ium, 0.00 mg/L; ammonia, 0.000 mg/L; Expemt II: Turbidity, 0.73 NTU,;
hardness, 124 mg/L; alkalinity, 68 mg/L; total ammi@dium, 0.04 mg/L; ammonia,
0.001 mg/L. Copper was dissolved in water and spikéo treatment solutions prior to
test initiation and again on day 2, when 80% watas renewed. Tests were conducted in
a water bath maintained at 16 °C, surrounded bly-dalored curtains to minimize light-
induced stress. One-gallon black buckets with Wigse used as exposure vessels, each
containing 3.5 L of sample water. During testirigs lwere allowed to rest on top of the
buckets, but were not snapped shut to provide arhlight at less than one ft-candle.
Exposure water was not aerated. Fish wereAfgemia nauplii three times daily during
the acclimation period and experimental exposures.

The reference toxicant tests consisted of four eoppncentrations (27, 53, 106 and 213
Hg/L CUf*, nominal) and a control. Concentrations were setebased on the previously
determined 96-h L& for larval delta smelt (85.2 ug/L € and set at 0.31, 0.63, 1.25
and 2.5 toxic units. After the acclimation periteh fish were randomly placed into each
of three replicate test containers. Mortality wasarded daily using a small flashlight.
On day 2, 80% of test solutions were renewed, aadl dish, excesArtemia nauplii and
detritus were removed. At the end of the 96-h enmperiod, the number of surviving
fish was recorded. Water samples were submitteiedepartment of Fish and Game,
Wildlife Pollution Control Laboratory for analytitadetermination of copper
concentrations.

3.6 Tests with Larval Fathead Minnow

Concurrent tests with larval fathead minndwinfephales promelas) were conducted to
compare delta smelt test results to a species camyroged in NPDES testing. Toxicity
testing for larvalP. promelas followed procedures described in “Short-term Mehfor

Estimating the Chronic Toxicity of Effluents and dReving Waters to Freshwater
Organisms” (US EPA, 2002). Fish were obtained frAquaTox Inc., Arkansas. Upon
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receipt at the lab, the animals were acclimatddtioratory control water and placed in a
temperature controlled water bath maintained at 2% C. De-ionzied water amended
with dry salts to EPA moderately hard standards twadaboratory control water used in
these tests. For a 7-day test, the test accepyadrilierion is 80% control survival.

3.6.1 Ammonia/ium Exposures

P. promelas were tested concurrently witH. transpacificus during the experiment
conducted in June 2008 (Experiment I). Treatmeatssisted of subsamples of the test
solutions prepared for the delta smelt exposureluding the control treatments. Larval
P. promelas 7-day chronic tests consist of four replicate 660 glass beakers per
treatment, each containing 250 mL of sample andbtganisms. Larvae were less than
48-hr old at test initiation. Fish were fed thraads daily with newly hatchedrtemia
nauplii. Eighty percent of the test solution wasewed daily, at which time debris and
dead fish were also removed. Test chambers weubated in a temperature-controlled
water bath maintained at 25 + 2° C under whiterfigoent light with a 16-hour light: 8-
hour dark photoperiod. Mortality was recorded dadllyd at test termination. Water
guality measurements (DO, pH, total ammonia andptgature) were measured daily
using pooled subsamples from replicate beakers.

3.6.2 Sodium Chloride Reference Toxicant

Reference toxicant tests with fathead minnow ceoedisf six concentrations of sodium
chloride (NaCl) and a control. The concentratioasging from 0.63 to 10 g/L have been
used for UCD-ATL'’s long-term data set for severahgs.The same protocols used in the
ammonia exposures were followed in the referengdat tests. In addition, biomass
was measured for each replicate.

4, Results
4.1 Tests with Larval Delta Smelt
4.1.1 Ammonia Exposures

Experiment | - June 5, 2008Survival of delta smelt larvae after 7 d was a&60% in
both the hatchery and low EC control treatments] #us this test met acceptability
criteria. Mean control survival in hatchery watendalow conductivity (EC) water
(EC=112 uS/cm) was 91.7% and 81.3%, respectivdlgrd was no statistical difference
between control and low EC control (Tables 4-1,)4Sacramento River water from
Garcia Bend significantly reduced survival to 66.8%mpared to the low EC control.
This difference could be due to differences in iditl, which was lower in Sacramento
River water. Turbidity has been shown to affectvisual of larval delta smelt due to
negative effects on feeding behavior. However,darabove approximately 40 d of age
were not sensitive to low turbidity in previous exkjnents conducted at UCD-ATL
(Werner et al. 2008) and fish used in this testen&s d old. The cause of the reduced

13



survival in Sacramento River water therefore remainknown. Survival in ammonium-
chloride and SRWTP effluent treatments was comptresiacramento River water, and
showed no statistical differences between treatsnémtaddition, there were no statistical
differences between ammonia-chloride and SRWT Rt treatments.

Experiment Il — July 17, 200&urvival of delta smelt larvae after 7 d was be&@%6 in
the low EC control treatment, and thus this tedtriht meet acceptability criteria. Mean
control survival in hatchery water and low conduityi (EC) water (EC=122 uS/cm) was
80.0% and 52.5%, respectively (Tables 5-1, 5-2).

Water quality data revealed several issues thatildhioe taken into consideration for
future exposure experiments: SRWTP effluent redubedpH at the highest exposure
concentration thus reducing the concentration ofdedendent ammonia, while the
ammonium chloride treatment did not show this dfféash in the highest effluent

treatment were therefore exposed to lower ammarigentrations than fish exposed to
the corresponding ammonium-chloride treatmentdiiteoon, SRWTP effluent raised the
EC of the exposure water more than ammonium chdorebulting in a difference of

approximately 140 uS/cm between the highest ammuoichioride and SRWTP effluent

treatments.

Table 4-1. Percent survival of 55-d old delta dnteivae after a 7-d test
initiated 6/05/08; SRWT= Sacramento Regional WaatewTreatment Plant;
se=standard error of the mean; shaded cells imdisagnificant (p<0.05)
reduction in survival compared to the appropriatetiol.

Survival (%}

Treatment

mean se
Sacramento River at Garcia Bend (SRGB) 66.3 838
SRGB + 0.25 mg/L N§INH,"  from NH,CI 625 8.0
SRGB + 0.50 mg/L NB§INH,"  from NH,CI 64.1 114
SRGB + 1.00 mg/L NBINH,"  from NH,CI 64.2 83
SRGB + 2.00 mg/L NBINH,"  from NH,CI 723 52
SRGB + 4.00 mg/L NEINH," from NH,CI 612 7.1
SRGB + 0.25 mg/L NEINH," from SRWTP 814 3.7
SRGB + 0.50 mg/L N{INH," from SRWTP 458 4.2
SRGB + 1.00 mg/L NEINH," from SRWTP 62.6 4.3
SRGB + 2.00 mg/L N{INH," from SRWTP 649 10.1
Low EC Control 81.3 7.1
Hatchery Water Control 91.7 3.4

! The Low EC Control consisted of hatchery water tdiluwith distilled water to match SRGB
conductivity.
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Table 4-2. Water quality parameters measured gihia 7-day test initiated 6/5/08 with 55-d oldtdedmelt.

11

Treatment D . EC (uS/cm) . Temp°C) . DO (mg/L) - pH
Min  Max Mean SD Min Max Mean SD Min  Max Mean SD MinMax Mean SD

Sac River at Garcia Bend 1 118 160 141 16 16.1 17.66.7 0.4 8.9 9.9 9.5 03 775 815 792 O
SRGB + 0.25 mg/L N§INH,*  from NH,CI 2 119 160 143 16 16.1 176 16.8 04 88 103 9.603 | 7.88 810 7.96 0.06
SRGB + 0.50 mg/L N§INH,*  from NH,CI 3 121 162 146 17 16.0 176 16.8 04 90 102 9603 | 7.85 810 795 0.07
SRGB + 1.00 mg/L N§INH," from NH,CI 4 123 168 150 17 16.2 175 16.8 03 90 103 9603 | 7.79 8.07 792 0.06
SRGB + 2.00 mg/L N§INH,*  from NH,CI 5 120 176 156 20 16.2 176 16.7 (0]1<] 87 103 9603 | 7.83 8.01 793 0.06
SRGB + 4.00 mg/L NEINH," from NH,CI 6 | 146 192 178 16| 16.0 174 166 03 9.0 103 9.703 | 7.77 8.04 792 0.0
SRWTP Effluent @ 0.25 mg/L NyNH," 7 118 163 145 17 16.0 176 16.6 04 88 102 9803 | 784 809 797 0.04
SRWTP Effluent @ 0.50 mg/L NyNH," 8 125 168 152 17 16.0 176 16.6 04 91 103 903 | 775 806 791 0.04
SRWTP Effluent @ 1.00 mg/L NyNH," 9 135 179 162 17 157 178 16.7 05 94 103 983 | 769 811 794 0.11
SRWTP Effluent @ 2.00 mg/L NyNH," 10| 150 202 185 20 153 177 167 0l6 93 1037 9.03 | 756 814 789 0.1
Low EC Control 11| 112 168 148 21 16.3 178 16.8 Q.485 101 9.2 03| 752 854 781 0.2
Hatchery Water Control 12 1480 1528 1502 19 16.1 .617 16.8 0.4 8.9 9.9 9.3 03 778 817 792 0

Treatment D Ammonia/ium (mg/L) Ammonia (mg/L) Turbidity (NTU)

Min  Max Mean SD Min Max Mean SD Min  Max Mean SD

Sac River at Garcia Bend ] 0.01 0.17 0.09 006 0.00.007 0.002 0.002 23 150 8.1 5|3
SRGB + 0.25 mg/L NEINH,* from NH,CI 2 | 023 040 030 0.06 0.005 0.013 0.008 0.p023 2145 7.6 5.0
SRGB + 0.50 mg/L N§INH,*  from NH,CI 3 | 042 063 051 006 0009 0.022 0.013 00032 2130 7.3 4.4
SRGB + 1.00 mg/L NEINH," from NH,CI 4 | 078 115 098 0.09 0.016 0.037 0.024 0.p043 2126 7.0 4.1
SRGB + 2.00 mg/L NEINH,* from NH,CI 5 | 153 212 190 0.17 0.029 0.060 0.047 0.p0074 2140 7.2 4.3
SRGB + 4.00 mg/L NEINH," fromNHClI 6 | 1.96 420 364 052 0047 0.120 0.087 0.0183 2.26.1 8.3 6.6
SRWTP Effluent @ 0.25 mg/L N#NH,* 7 | 024 038 0.29 0.04 0.005 0.012 0.008 0.p02 2834 6.8 3.9
SRWTP Effluent @ 0.50 mg/L NyNH," 8 | 0.36 060 050 0.06 0.007 0.019 0.012 0.003 27223 7.8 5.7
SRWTP Effluent @ 1.00 mg/L NyNH," 9 | 039 106 091 0.16 0.011 0.037 0.023 0.p07 2215 8.2 6.1
SRWTP Effluent @ 2.00 mg/L N4NH," 10| 141 211 187 0.20 0.019 0.079 0.044 0.p165 2128 7.1 4.2
Low EC Control 11| 0.03 069 0.24 0.19 0.000 0.008000 0.002] 53 112 8.1 2.5
Hatchery Water Control 12 002 041 049 0412 0.0@0010 0.004 0.00 42 382 127 103

! Unionized ammonia concentrations were calculagsit on total ammonia/ium, pH and water temperaheasured at test initiation.
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Table 5-1. Percent survival of 43-d old delta srnt@lvae after a 7-d test
initiated 7/17/08; SRWT= Sacramento Regional Waatew Treatment
Plant; se=standard error of the mean; shaded owlisate significant

(p<0.05) reduction in survival compared to the appiate contral

Survival (%}

Treatment

mean se
Sacramento River at Garcia Bend (SRGB) 65.0 8.7
SRGB + 1.0 mg/L NENH," from NH,CI 47.5 6.3
SRGB + 2.0 mg/L NWNH," from NH,CI 60.0 7.1
SRGB + 4.0 mg/L NiNH," from NH,CI 75.0 2.9
SRGB + 8.0 mg/L NKNH," from NH,CI 40.0 12.9
SRGB + 0.5 mg/L NBNH," from SRWTP 55.0 5.0
SRGB + 1.0 mg/L NWNH," from SRWTP 50.0 4.1
SRGB + 2.0 mg/L NWNH," from SRWTP 47.5 4.8
SRGB + 4.0 mg/L NiNH," from SRWTP 60.0 5.8
SRGB + 8.0 mg/L NWNH," from SRWTP 42.5 13.1
Low EC Controf?® 52.5 8.5
Hatchery Water Control 80.0 4.1

1 The Low EC Control consisted of hatchery watertdiuwith distilled water to match SRGB

conductivity.

2 Low EC Control showed significantly lower survivedmpared to the hatchery water control,

but not compared to SRGB.
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Table 5-2. Water quality parameters measured duhia 7-day test initiated 7/17/08 with 43-d oldtalsmelt.

EC (uS/cm) Temp°C) DO (mg/L) pH
Treatment ID

Min  Max Mean SD Min Max Mean SD Min Max Mean SD MinMax Mean SD
Sac River at Garcia Bend 1 115 125 119 3 150 19.36.6 0.9 9.3 101 9.7 0.3 770 814 793 0[11
SRGB 1.0 mg/L NE/NH," from NH,CI 2 122 131 126 3 152 193 165 0.p 9.4 10.2 9.90.2 | 771 8.07 7.90 0.10
SRGB 2.0 mg/L NH/NH," from NH,CI 3 129 149 135 7 150 187 165 0.p 94 104 1003 | 7.84 811 795 0.08
SRGB 4.0 mg/L NH/NH," from NH,CI 4 150 158 153 3 150 180 165 0.7 9.3 104 9.9.3 | 766 8.07 7.90 0.10
SRGB 8.0 mg/L NE/NH," from NH,CI 5 182 198 187 5 150 183 165 0.8 9.4 105 9.9.3 | 7.76 8.07 7.92 0.08
SRGB 0.5 mg/L NE/NH," from SRWTP 6 129 136 132 3 151 186 165 0.7 9.50.31 9.9 02| 777 812 795 0.10
SRGB 1.0 mg/L NENH,from SRWTP 7 140 171 147 11 152 176 164 Q.6 9.40.3 10.0 03| 776 8.13 794 0.11
SRGB 2.0 mg/L N{NH," from SRWTP 8 166 173 169 2 150 18.1 164 0.7 9.30.31 9.9 03| 747 8.08 7.84 0.18
SRGB 4.0 mg/L NENH," from SRWTP 9 212 227 218 5 151 184 165 0.8 9.10.71 9.8 04| 748 8.02 7.76 0.19
SRGB 8.0 mg/L NE/NH," from SRWTP 10| 245 340 318 33 150 187 16.6 Q.9 9.00.3 9.8 04| 715 8.05 7.68 0.33
Low EC Control 11| 122 136 129 5 153 188 17.0 0.78.1 10.3 9.0 05| 7.44 8.01 7.66 0.18
Hatchery Water Control 12 1111 1178 1156 23 15.1 418 16.7 0.8 8.6 9.8 9.3 0.4 774 818 791 0,10

- - 1 -
Treatment D Ammonia/ium (mg/L) Ammonia (mg/L) Turbidity (NTU)

Min  Max Mean SD Min Max Mean SD Min  Max Mean SD
Sac River at Garcia Bend 1 001 040 0.12 010 (0.00.010 0.003 0.00 1.7 7.5 3.9 21
SRGB 1.0 mg/L NH/NH," from NH,CI 2 | 063 130 0.97 01 0.013 0.032 0.022 0.p068 1.6.7 35 1.6
SRGB 2.0 mg/L NH/NH," from NH,CI 3 122 226 187 0.2 0.032 0.067 0.048 0.p108 1.6.5 35 1.7
SRGB 4.0 mg/L NH/NH," from NH,CI 4 | 214 418 370 0.6 0.047 0.137 0.086 0.p249 1.7.0 3.7 1.8
SRGB 8.0 mg/L NH/NH," from NH,CI 5| 476 9.00 756 1.1 0.126 0.253 0.177 0.p388 1.6.5 3.6 1.8
SRGB 0.5 mg/L NENH," from SRWTP 6| 0.36 0.88 0.55 0.0 0.008 0.024 0.0D4005| 1.6 9.5 4.1 2.6
SRGB 1.0 mg/L NENH," from SRWTP 7| 058 135 098 0.7 0.014 0.039 0.085007| 1.7 7.3 3.9 2.2
SRGB 2.0 mg/L NENH," from SRWTP 8 131 225 190 0.23 0.016 0.064 0.08014| 1.6 7.4 3.8 2.1
SRGB 4.0 mg/L NWNH," from SRWTP 9| 232 6.02 382 0.6 0.031 0.115 0.087026| 1.4 7.6 4.0 2.2
SRGB 8.0 mg/L NENH," from SRWTP 10| 444 9.00 7.62 1.05 0.030 0.231 0.186073| 2.0 6.9 4.1 1.9
Low EC Control 11| 001 170 030 0.36 0.000 0.021006 0.005 3.1 10.3 5.1 1.
Hatchery Water Control 12 003 041 0.22 042 0.0m008 0.005 0.002 31 122 7.0 33

! Unionized ammonia concentrations were calculatest on total ammonia/ium, pH and water tempezaneasured at test initiation.
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4.1.2 Copper Reference Toxicant Tests

Delta smelt larvae (54 d old) used in Experimen{Thbles 6-1, 6-2, 6-3) were

approximately two times less sensitive to coppant#2-d old larvae used in Experiment
Il (Tables 7-1,7-2, 7-3). The 54-d old larvae wemmilar in sensitivity to larvae used

previously to determine the 96-h LC50 (86.5 ug/L>Cuissolved) (Werner et al.,

unpublished data).

Table 6-1. Effect of 96-h exposure to copper orceget survival of 54-d old delta
smelt larvae. This test was initiated on 6/04/0Badgd cells indicate significant
reduction in survival compared to control

Measured CU Survival (%¥

Treatment Concentration (ppb) 0

Total Dissolved Mean SE
Filtered Hatchery Water (FHW) 3 2 67 17.6
FHW + 27 ppb Ct 28 28 93 6.7
FHW + 53 ppb Ct 54 48 73 13.3
FHW + 106 ppb Ct 115 95 53 24.0
FHW + 213 ppb Ctf 210 178 7 6.7

! Data were analyzed using USEPA standard stafigtiotocols.

Table 6-2. Acute 96-h effect concentrations of @dpr 54-d old delta smelt larvae

Endpoint Copper Concentration (ppb)

Estimate 95% C.I. NOEC LOEC PMSD
Nominal - LC10 71.8 6.8 - 104.5 106 213 75.1%
LC20 86.2 14.6 - 118.6
LC50 122.3 57 - 165
Measured Total Copper - LC10 88 14.0 - 118.9 115 10 2 79.4%
LC20 101.7 25.4-131.8
LC50 134.1 73-173
Measured Dissolved Copper - LC10 70.8 9.4-97.6 5 9 178 79.4%
LC20 82.6 17.9-108.8
LC50 110.9 57 - 145
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Table 6-3. Water quality data for the 96-hour aappest with 54-d old delta smelt
larvae.

EC (uS/cmj Temp (°C)
Treatment . .
Min Max Mean SD Min Max  Mean SD
Filtered Hatchery Water (FHW) - - 779 - 16.8 17.3 17.1 0.4
FHW + 27 ppb Ctf - - 778 - 16.4 17.1 16.8 0.5
FHW + 53 ppb Ct - - 784 - 16.4 169 167 0.4
FHW + 106 ppb Ct - - 779 - 16.5 16.7 16.6 0.1
FHW + 213 ppb C# - - 773 - 16.6 17.5 17.1 0.6
DO (mg/L) pH
Treatment . .
Min Max Mean SD Min Max Mean SD
Filtered Hatchery Water (FHW) 9.4 10.2 9.8 0.3 7.92 8.03 7.98 0.06
FHW + 27 ppb Ct 9.4 9.8 9.7 0.2 7.99 8.05 8.01 0.03
FHW + 53 ppb Ctf 9.8 10.1 9.9 0.1 8.02 8.06 8.03 0.02
FHW + 106 ppb Ct 9.7 10.0 9.9 0.1 7.96 8.09 8.04 0.07
FHW + 213 ppb Ct 9.1 9.9 9.7 0.4 7.98 8.11 8.02 0.08

! Matrix was water from the UC Davis Fish Consematnd Culture Laboratory, Byron, CA (Turbidity70
NTU, Hardness: 160 mg/L, Alkalinity: 86 mg/LmAnonia/ium: 0.000 mg/L, Ammonia: 0.000 mg/L).

2 EC was measured only at test initiation.

Table 7-1. Effect of 96-h exposure to copper orceetr survival of 42-d old delta
smelt larvae. This test was initiated on 7/16/0Badgd cells indicate significant
reduction in survival compared to control

Measured CHi Survival (%§

Treatment Concentration (ppb)

Total Dissolved Mean SE
Filtered Hatchery Water (FHW) 2 2 78 11.7
FHW + 27 ppb CEf 38 37 72 6.0
FHW + 53 ppb Cti 98 89 7 6.7
FHW + 106 ppb Cti 149 136 7 6.7
FHW + 213 ppb Ci 269 242 0 0.0

! Data were analyzed using USEPA standard statigtiotocols.
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Table 7-2. Acute 96-h effect concentrations of @dpr 42-d old delta smelt larvae

Endpoint Copper Concentration (ppb)

Estimate 95% C.1. NOEC LOEC PMSD
Nominal - LC10 20.4 1.1-343 27 53 38.0%
LC20 25.7 2.6-40.2
LC50 39.8 12.3-58.3
Measured Total Copper - LC10 33.3 2.8-60.0 38 98 37.6%
LC20 41.3 5.4-64.6
LC50 62.0 18.9-88.1
Measured Dissolved Copper - LC10 32.2 3.3-524 7 3 89 37.6%
LC20 394 6.18 - 60.2
LC50 58.3 19.8-81.3

Table 7-3. Water quality data for the 96-hour aapfest with 42-d old delta smelt
larvae.

EC (uS/cm) Temp°C)
Min Max Mean SD Min Max Mean SD

Treatment

Filtered Hatchery Water

(FHW)l 730 751 741 15 16.5 17.8 16.9 0.6

FHW + 27 ppb ct 740 764 752 17 16.3 17.7 16.8 0.6

FHW + 53 ppb ctt 744 750 747 4 16.4 17.8 16.8 0.7

FHW + 106 ppb ctr 743 758 751 11 16.4 17.9 16.8 0.7

FHW + 213 ppb ctr - - 756 - 16.4 16.4 16.4 -
Treatment DO (mg/L) pH

Min Max Mean SD Min Max Mean SD

Filtered Hatchery Water

(FHW)! 9.0 9.8 9.6 0.4 7.77 8.04 7.94 0.12
FHW + 27 ppb Ct 9.1 9.6 9.5 0.2 7.86 8.00 7.94 0.06
FHW + 53 ppb C 9.4 9.8 9.6 0.2 7.86 8.04 7.98 0.08
FHW + 106 ppb C 9.1 9.8 9.5 0.3 7.84 8.01 7.92 0.08
FHW + 213 ppb C# 9.3 9.3 9.3 - 8.00 8.00 8.00 -

Matrix was water from the UC Davis Fish Conservamd Culture Laboratory, Byron, CA (Turbidity78.
NTU, Hardness: 124 mg/L, Alkalinity: 68 mg/LpAnonia/ium: 0.04 mg/L, Ammonia: 0.001 mg/L).
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4.2 Tests with Larval Fathead Minnow
4.2.1 Ammonia/ium Exposures

Fathead minnow tests met test acceptability catd¥io significant reduction in survival
was detected (Tables 8-1, 8-2).

Table 8-1. Percent survival of fathead minnow darexposed for 7 d
to NH,Cl and diluted SRWTP effluent. Test was initiatéd5308.

Survival
Treatment (%)

X se
Sacramento River at Garcia Bend (SRGB) 100.0 0.0
SRGB + 0.25 mg/L NENH," from NH,CI 100.0 0.0
SRGB + 0.50 mg/L NEINH," from NH,CI 100.0 0.0
SRGB + 1.00 mg/L NE§INH," from NH,CI 975 25
SRGB + 2.00 mg/L N§INH," from NH,CI 100.0 0.0
SRGB + 4.00 mg/L N§INH," from NH,CI 100.0 0.0
SRGB + 0.25 mg/L N§INH," from SRWTP 100.0 0.0
SRGB + 0.50 mg/L NENH," from SRWTP 95.0 5.0
SRGB + 1.00 mg/L N§INH," from SRWTP 100.0 0.0
SRGB + 2.00 mg/L NENH," from SRWTP 100.0 0.0
Low EC Control 975 25
DIEPAMH 975 25

SRWTP whole effluent testing resulted in 96-h fatheninnow survival of 95-100%
during the experimental period in June, and 90-3hf#ing the experimental period in
July (Appendix, Table A27).
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Table 8-2. Water quality data for the 7-day teshvathead minnow larvae initiated 6/05/08

EC (uS/cm) Temp°C) DO (mg/L)

Treatment D Min Max Mean SD | Min Max Mean SD | Min Max Mean SD
Sac River at Garcia Bend (SRGB) 1| 136 185 166 21| 23.8 252 244 03 6.6 8.5 7.7 0.7
SRGB + 0.25 mg/L NEINH," from NH,CI 2| 144 197 173 20, 238 253 244 04 6.5 8.6 7.7 0.7
SRGB + 0.50 mg/L N5INH,* from NH,CI 3|13 191 171 21} 237 259 243 06 64 8.6 7.7 0.8
SRGB + 1.00 mg/L NEINH," from NH,CI 4 | 142 195 174 21| 236 261 246 (06 6.2 8.6 7.7 0.8
SRGB + 2.00 mg/L NEINH,* from NH,CI 5| 148 218 187 23] 237 254 244 (04 64 8.5 7.7 0.8
SRGB + 4.00 mg/L NEINH," from NH,CI 6 | 156 225 200 27/ 237 261 245 06 6.6 8.6 7.7 0.8
SRGB + 0.25 mg/L NgINH," from SRWTP 7 | 140 190 171 20| 240 255 245 (05 6.6 8.6 7.8 0.8
SRGB + 0.50 mg/L N§INH,* from SRWTP 8 | 147 201 177 18] 232 256 244 06 6.4 8.6 7.7 0.8
SRGB + 1.00 mg/L NgINH,* from SRWTP 9 | 160 203 188 190 241 252 245 04 6.4 8.6 7.7 0.8
SRGB + 2.00 mg/L NEINH,* from SRWTP 10| 185 232 215 17 238 258 245 (0.6 6.6 8.6 78 8 D.
Low EC Control 11 114 200 165 31 241 254 246 P45 6 85 7.7 0.7
DIEPAMH 12| 138 296 268 58 238 253 244 04 6.1 8.67.6 0.8

Ammonia Nitrogen I .
Treatment D pH (mg/L) Unionized Ammonia (mg/L)
Min Max Mean SD | Min Max Mean SD | Min Max Mean SD

Sac River at Garcia Bend (SRGB) 1|753 812 7.92 0.150.01 0.43 0.12 0.1830.001 0.011 0.004 0.003
SRGB + 0.25 mg/L NEINH," from NH,CI 2 (769 810 7.95 0.110.24 0.62 0.33 0.110.010 0.018 0.014 0.002
SRGB + 0.50 mg/L NEINH,* from NH,CI 3 |767 815 7.95 0.140.48 6.51 0.99 1.590.019 0.297 0.044 0.073
SRGB + 1.00 mg/L NEINH," from NH,CI 4 (763 810 7.90 0.180.89 1.39 1.05 0.140.031 0.063 0.042 0.009
SRGB + 2.00 mg/L NEINH," from NH,CI 5768 8.06 7.91 0.1p1.20 222 1.93 0.260.033 0.111 0.081 0.022
SRGB + 4.00 mg/L NEINH," from NH,CI 6 | 768 8.02 7.87 0.002.10 4.20 3.71 0.560.050 0.200 0.139 0.034
SRGB + 0.25 mg/L NgINH," from SRWTP 7 | 7.66 8.08 7.91 0.130.24 2.75 0.49 0.660.007 0.064 0.017 0.014
SRGB + 0.50 mg/L N§INH,* from SRWTP 8 | 7.72 8.04 7.90 0.110.46 0.92 0.59 0.160.017 0.032 0.023 0.004
SRGB + 1.00 mg/L NEINH,* from SRWTP 9 | 7.72 8.03 7.90 0.090.92 1.42 1.03 0.150.032 0.048 0.040 0.005
SRGB + 2.00 mg/L NEINH,* from SRWTP 10| 7.67 8.03 7.85 0.101.39 2.23 1.96 0.200.045 0.095 0.070 0.015
Low EC Control 11 7.32 8.09 7.76 0.29.00 051 0.15 0.150.000 0.007 0.003 0.002
DIEPAMH 12| 7.61 821 7.96 0.200.00 0.53 0.12 0.140.000 0.011 0.004 0.004
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5.  Quality Assurance/Quality Control

All toxicity testing performed at UCD-ATL was sup&ed by the Project and
Laboratory Managers to ensure quality and thaingstas completed on schedule. The
UCD-ATL Quality Assurance Officer has reviewedathrk performed to date to ensure
its quality and credibility. The following is a mumary of the QA/QC work completed
during June and July, 2008.

5.1 Positive Control Tests with Delta Smelt

Positive control reference toxicant tests were cotetl with delta smelt twice during the

study period, using copper (Il) chloride (Cu)Chs the toxicant, in order to track changes
in organism sensitivity over time. There are cotifeno EPA-mandated requirements

for reference toxicant testing with delta smelerdfore test acceptability criteria were

based upon protocols established with the 2008-2B0O® Project. These reference

toxicant tests were not plotted on a control chart.

For this project, 96 h reference toxicant testsenawnducted using the same batch of
delta smelt used to perform the ammonia exposyseregrents. Tests with copper were
initiated 24 h prior to the initiation of ammoniapesures due to the shorter period of
time required to acclimate the fish from rearingevaonductivity (~1500 pS/cm) to RT
test conductivity (900 pS/cm). Due to the sensitiature of the delta smelt, fish are not
held in the laboratory longer than necessary tammae stress. Reference toxicant tests
consisted of a control and four concentrations o€ (27, 56, 106, and 213 ppb) with
three replicates per treatment and five fish pptigate. Concentrations were based on
the copper L& for delta smelt larvae determined in May 2008 @DJATL. Test
results yielded a CuglLCsp between 76-95 ppb (95% CI), with a NOEC of 37.5,pp
and a LOEC of 75 ppb. This kgtest was conducted using 49 d old delta smelakarv
Reference toxicant tests conducted for this proyeete initiated following protocols
identical to the LG test.

The delta smelt reference toxicant test initiatedlone 4, 2008, utilized fish that were 54
d old. Average control survival for this test wé%, which met the test acceptability
criterion of >60% control survival. Test results yielded ans$.Gf 122.34 ppb, with a
NOEC of 106 ppb, and a LOEC of 213 ppb. The taisiated on July 16, 2008, utilized
fish that were 42 d old. Average control survif@lthis test was 67%, which met all test
acceptability criteria. Test results yielded ansd.@f 39.84 ppb, with a NOEC of 27 ppb,
and a LOEC of 53 ppb. As these RT tests met atl deceptability criteria, the delta
smelt data for June and July, 2008, are considetable.

Although there are only three data points {4 @nd two reference toxicant tests), there is
some indication that younger fish are more serssitivCuC}. However, it is unknown
whether age has any effect on smelt sensitivitartononia, and this warrants further
investigation.
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5.2 Positive Control Tests with Fathead Minnow

Reference toxicant tests with fathead minnow aréopmaed once a month to ascertain
whether organism response fell within the acceptadnhge as dictated by US EPA. Each
reference toxicant test consisted of a dilutioniesermade up of five different
concentrations of the toxicant and a control. 8adchloride (NaCl) was the toxicant
utilized in the fathead minnow tests. A 20-montmmimg mean control chart is
continuously updated with the results of these regfee toxicant test endpoints.
Acceptable range for US EPA is within the 95% codefice interval of a running mean.
If the LCsp or EG5 falls out of the 95% confidence interval, testamgm sensitivity is
considered atypical and results of tests condudigihg that month are considered
suspect. One data point out of 20 is expectedltofit of range by chance alone.

Organisms in control treatments tests typicallyndb exhibit any mortality, with overall
control survival as 100%. Because the survivalpentt has a small 95% confidence
interval, slight differences in control survivalrcaause data endpoints to fall out of the
acceptable range. Control survival in tests coretldd June, 2008 was well above the
80% test acceptability criteria, so organisms amesiered healthy, and there were no
outliers in reference toxicant tests during Juit®8 Therefore all fathead minnow data
are considered reliable.

6. Discussion and Conclusions

Results from this project provide initial informati on the acute toxicity of SRWTP
effluent to larval delta smelt. These test resoded to be interpreted with caution and
should not be used as a quantitative indicatorcological health, but as one line of
evidence or first tier investigation, because ofiobs limitations with regard to test
design and exposure duration, the relative seitgitof different life-stages and the
potential for chronic, sublethal or indirect eflecBelow we discuss our results in the
context of the hypotheses on which the experimeésign for the tests performed in
2008 was based, address uncertainties, and prieédenmendations for future studies.

Hypothesis 1 Delta smelt survival is negatively impacted bymbéent ammonia/ium
concentrations in the Sacramento River with inadrepsoncentrations
causing increased mortality.

The bioassay results predict that there shoulddaaute toxicity to delta smelt larvae
(55 dph) at ammonia/ium and ammonia concentrationad in the Sacramento River
immediately below the SRWTP. The highest averagepemxental exposure
concentration in the effluent and in ammonium dldiertest treatments were 1.87 and
3.64 mg/L ammonia/ium, and 0.044 and 0.087 mg/L aniey respectively (Table 4-2).
In comparison, ambient concentrations in the Saeram River downstream of the
SRWTP discharge are approximately 1 mg/L ammonia/and 0.0085 + 0.005 mg/L
ammonia (mean daily concentrations during 2007/8&WTP, unpublished data).
During the experimental period, Sacramento Rivetewapstream of SRWTP (Garcia
Bend) had ammonia/ium concentrations of <0.17 mggil ammonia concentrations of
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<0.007 mg/L. Based on test results obtained indhis related studies, we conclude that
average ammonia/ium concentrations reported for Sheramento River immediately
below SRWTP are about 3.6 times lower than the dsghno observed effect
concentration (NOEC) tested in this study, andnatdikely to affect 7-d survival of 55-

d old delta smelt larvae.

Results obtained to date are consistent with amaionh and ammonia effect
concentrations recently established for 50-d otddadelta smelt at UCD-ATL using
filtered hatchery water as well as acute effectceotrations for other fish species
reported in the peer-reviewed literature. The IDEC and LOEC for ammonia/ium
were 5.0 mg/L and 9.0 mg/L, respectively, with &80 of 12.0 mg/L (pH 7.9, T=16).
The 96-h NOEC and LOEC for ammonia were 0.066 at@9mg/L, respectively, with
an LC50 of 0.147 mg/L. Delta smelt larvae at 50 @b >5-fold more sensitive to
ammonia/ium than larval fathead minnow (UCD-ATL published data), and about as
sensitive as salmonid species, which are considiednost sensitive fish species with
species mean acute values of 11.23, 17.34 and 20¢26 ammonia/ium (pH 8.0) for
rainbow trout Oncorhynchus mykiss), Chinook salmon @. tshawytscha) and Coho
salmon Q. kisutch) (US EPA, 1999). For ammonia, Eddy (2005) repddgic
concentrations (96-h LC50) to freshwater fish ie ttange 0.068-2.0 mg/L and for
marine species in the range 0.090-3.350 mg/L. Ayerambient ammonia/ium and
ammonia concentrations in the Sacramento Rivemb&8BWTP are therefore within a
safety factor of approximately 10 based on acufecetoncentrations reported for 50-d
old delta smelt larvae and other sensitive fishcigse It should also be noted that
Thurston and Russo (1983) demonstrated that laigbaow trout were measurably more
sensitive than other life stages.

Fate and transport of SRWTP effluent likely affeadmicentrations and potential toxicity
of ammonia/ium discharged into the Sacramento Ri8RWTP discharges treated
effluent containing ammonia/ium at an average cotmagon of 24 + 3.4 mg/L (2007-
2008) approximately 30 miles upstream of importgpawning and nursery areas for
delta smelt and other pelagic fish species. WHhile pH of river water at Hood is
relatively low (7.0-7.6; Werner et al. 2008), itnceeach a pH of 8.3 about 30 miles
downstream at Grand Island with water temperatage$igh as Z& during summer
months (Werner et al. 2008). Maximum ambient cotregions downstream of the point
of discharge are approximately 1 mg/L total ammimia. While this concentration is
below pH- and temperature-dependent US EPA chromter quality criteria (30-d
average) for water bodies where early life stadefssb are present (US EPA 1999) at
Hood, it could be above the US EPA water qualiftedon at Grand Island at pH 8.3
and T=24C. It is therefore possible that downstream rivamditions with regard to pH
and temperature could lead to violations of the EF5A chronic water quality criteria.
However, biological uptake, adsorption to aquatidisients and nitrification may reduce
ammonia concentrations in the aquatic environmévibre detailed studies of
environmental conditions are needed before 8iedf effluent-associated ammonia/ium
toxicity to delta smelt can be accurately assessed.
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Exposure duration is another important factor ificing the toxicity of ammonia. Acute
7-d toxicity tests, as performed in this study, anable to detect the potential chronic
effects of ammonia/ium exposure on delta smelt.té¢a chronic ratios are one method
that has traditionally been used to extrapolatevéen acute and chronic toxicity when
procedures for chronic testing are not availablar. fish, the US EPA (1999) reports
mean acute-to-chronic ammonia/ium ratios for waratewfish that range between 2.7
(channel catfish|ctalurus punctatus) and 10.9 (fathead minnow?,. promelas). Cold
water species such as rainbow trout, with acute ammrium sensitivity similar to delta
smelt, have a ratio between 14.6 and 23.5, respdet{US EPA, 1999; Passell et al.,
2007). If a safety factor of 23.5 were applied tote ammonia effect concentrations for
delta smelt larvae (ammonia 96-h 44C0.15 mg/L) then the resulting threshold
concentration would be 0.0064 mg/L ammonia. Replorignionized ammonia
concentrations in the Sacramento River immediatelglow the SRWTP are
0.0085+0.005 and would exceed potentially chroaie values for delta smelt. During
January-June 2008, maximum ammonia concentrati@asuned down the river at Hood
and Grand Island (POD site 711) were 0.019 mg/LG681 mg/L, respectively (Werner
I., UCD-ATL, unpublished data). The chronic valukgived above are similar to those
reported by other studies. Dodds and Welch (20@@)gest that chronic effects of
ammonia on fish may occur at concentrations asae®w.005 mg/L.

The effects of ammonia/ium on most important inderate species of the SSJ Delta are
presently unknown, but 2006-07 data for the SSiaDsHowed that ammonia/ium was
negatively correlated with 10-day growth of the &ippd speciedlyalella azteca. H.
azteca is resident in the Delta, and the most sensitpecies for which Genus Mean
Chronic Values (GMCV) were derived by US EPA (199)e GMCYV for this species is
1.45 mg/L ammonia/ium at 26 and pH 7.94 (equal to 0.085 mg/L ammonia).

In conclusion, our study showed that ammonia/iurteels detected in the Sacramento
River was not acutely toxic to 55-d old delta smélbwever, based on information
provided by USEPA (1999) and other related studiess, possible that concentrations
measured in the Sacramento River below SRWTP mapitmmically toxic to delta smelt
and other sensitive fish species.

Hypothesis 2Smelt survival is negatively impacted by one orencontaminant(s) that
are positively correlated with ammonia from SRWTP.

We are unable to address this hypothesis, becaxseriment 1l did not meet test
acceptability criteria. This test should be repeate

7. Uncertainties and Recommendations for Futurei&ud

Significant uncertainties remain with respect te tleleterious effects of ammonia/ium in
the Sacramento-San Joaquin Delta:
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(1)_Effects of multiple stressorMany environmental factors can modify the toyiaf a
single contaminant such as ammonia/ium. Pre-exposursimultaneous exposure to
multiple contaminants, disease, or other stres&mVironmental conditions may
considerably alter the physiological condition attierefore susceptibility of the
organism, as well as modify the toxicity of ammorkar example, parasitism increased
ammonia susceptibility of amphipods (Prenter ¢t24104) five-fold.

(2)_Effects of contaminant mixtures Contaminants in the Delta occur dominantly as
complex mixtures and come from a variety of sourCHEse toxicity of contaminant
mixtures may be significantly different than thatirdividual chemicals. For example, a
study on the effects of wastewater treatment aftiuen silvery minnow in the Rio
Grande, found that copper and unionized ammoni& e primary toxic components in
the mixture, with copper contributing 49—-62% andhamia contributing 36—-50% of the
mixture’s toxicity (Buhl 2002). A mixture of fiveokicants, aluminum, ammonia, arsenic,
copper, and nitrate, produced a toxicity that wagremtoxic than any of the five
chemicals tested alone. Based on their results| BR002) estimated an appropriate
chronic criterion for silvery minnow, a species B&m in sensitivity to the fathead
minnow, in the Rio Grande could be as low as 0.0@f{L ammonia. For the lower
Sacramento River, the effects of contaminant meduwith and without multiple
stressors present (e.g. temperature, pathogerd,afegilability), and their influence on
the susceptibility of fish species of concern #tkelunderstood.

(3)_Sublethal toxic effects Sublethal toxic effects can occur at exposevels far below
the concentrations that cause lethality, and cae Bavere consequences for the fitness,
reproductive success and survival of aquatic osyasj especially where organisms are
exposed to many different stressors. Exposure sif fo sublethal concentrations of
ammonia/ium can cause loss of equilibrium, hypetakdity, increased respiratory
activity and oxygen uptake, and increased heagt tatreased ammonia/ium levels in the
water have been shown to result in impairment ofimsning performance, reduced
feeding and slower growth (Eddy, 2005 and refergetieerein). For example, in rainbow
trout and coho salmon there was a decrease inatrgwimming velocity with increasing
water ammonia levels, and the LC50 in resting figds 6.5-fold higher than that in
swimming fish. Exposure to ammonia concentraticow as 0.002 mg/l for six weeks
caused hyperplasia of gill lining in salmon fingegs (Eddy, 2005).

Recommendations for Future Research

« Experiment #2 was designed to evaluate the acteetefof contaminant mixtures
present in SRWTP effluent on 7-d survival of dedtaelt larvae, and should be
repeated in 2009 to conclusively answer this qaesti

« Information should be generated on the influencéifefstage (larval, juvenile,
adult) on the susceptibility of delta smelt to anmiadium.

e Acute-to-chronic ratios should be established usinglethal endpoints such as
histopathologic lesions.

* More detailed information is needed with respeativer conditions, in particular
pH and temperature, during times when delta smelspawning and larval delta
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smelt are found in the Cache Slough, Deep Watgppstg Channel and Lower
Sacramento River in order to assess the risk of @mafium toxicity to POD
species spawning in these areas.

e Source analysis: Information on sources of ammuma/ (agricultural,
residential, atmospheric) in the Delta, in par@ecuh the vicinity of important fish
habitat should be generated.

« Information on toxic effects of ammonia/ium at lovieophic levels needs to be
integrated and possibly generated to assess ptarifects of reduced food
availability on fish species of concern.

e Sources and concentrations of ammonia determinmd frharacterizing spatial
and temporal trends should be used to developeadatl transport model for
ammonial/ium (see Passell et al., 2007).

« More information is needed on the toxicity of amnadimm when other stressors
are present, in particular under conditions of fdegrivation, and in mixture with
other contaminants of concern in the Delta suatopper and pesticides.

e Every attempt should be made to use ecologicafjpificant, sublethal toxicity
endpoints, such as growth, reproductive succesd, smmming ability to
evaluate the effects of ammonia/ium on Delta figbcies.

« Biomarkers (histopathologic, biochemical, moleculaan provide important
information on biologically active toxicants preserat extremely low
concentrations or as mixtures, and therefore diffitco detect by analytical
chemistry. Well characterized biomarkers shouldirtiegrated into monitoring
efforts, especially where other sublethal endpdigtswth, behavior) are difficult
to obtain.

* Where possiblan situ methods should be used to monitor ambient toxicity
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Appendix

The Effects of Wastewater Treatment
Effluent-Associated Contaminants on Delta
Smelt

Additional Test Results and
Water Quality Data
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A. Method Comparison for Ammonia/-ium Measurements

Regressions were performed on 3 subsets of theedata
1) Excluding both the High Range kit values and anrAalmus reading where a
nominal value of 0.5 mg/L was read on the kit @&80ut the analytical reading
was 0.83.
2) Including the anomalous reading but excluding tighHRange kit readings.
3) Including all data.

Each regression was run three ways:
A) Orthogonal Regression: gives confidence interf#he slope
B) Red/Green Fit: a normal unconstrained regression.
C) Bold Black Fit; regression constrained to Intetcef and Slope = 1.

Paired T-tests were also performed to determirtbefmethods differed significantly in
their readings of ammonia nitrogen concentration.

Table Al. Regression Results

Dataset ) Slope 95% Confidence
Interval

1 0.988 0.946 0.893 - 1.003

2 0.983 0.937 0.877 — 1.002

3 0.997 0.797 0.778 — 0.817

All regressions show predicted slopes below 1.8icating that the Ammonia Nitrogen

Kit will tend to slightly overestimate the conceatton of ammonia nitrogen, relative to
the analytical result. The only dataset showinggrassion slope significantly different
than 1.0, was the regression including data obdainsing the High Range kit

measurements. The ammonia measurements obtainagl thei Low Range kit are not

predicted to differ significantly from analyticahemistry measurements. In addition,
paired T-tests showed no consistent differenceesdings between the Low Range
ammonia kit and the analytical chemistry method.
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Figure Al. Regression of dataset #1
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Figure A2. Regression of dataset #2

Analytical NHN (mg/L)
= N w
N oW
| | | | |

\\
N

[N
I

o

o
I

\

\ \ \ \ \ \
15 2 25 3

Kit NHN (mg/L)

o
o
[N

\
3.5

\
4 45

33



Figure A3. Regression of dataset #3
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B. Results of the pH Drift Study

Table A2. Ammonia/-ium concentrations and pH during24-h study
mimicking test conditions of subsequent delta sreajposures to SRWTP
effluent and ammonium chloride.

5/13/2008 17:00 5/14/2008 9:00 5/14/2008 17:30

ID | Treatment pH NH3-N  pH| NH3-N pH NH3-IN
Garcia Bend w/o

1 | aeration 7.93 0.04 7.84 0 7.99 0

2 | Garcia Bend 7.94 0.04 8.07 0 8.09 0
Dilute SRWTP @

3 | 0.5 mg/L 7.76 0.45 8 0.39 8.1 0.42
Dilute SRWTP @

4 | 2.0 mg/L 7.73 1.87 8.03 1.79 8.16 2.0
Garcia Bend w/

5 | 0.5 mg/L NH4 7.81 0.48 8.08 0.43 8.18 0.4p
Garcia Bend w/

6 | 2.0 mg/L NH4 7.8 1.91 8.1 1.75 8.17 2.08

Notes: Treatments 2 - 6 were gently aerated to eit@st conditions. Each
treatment was 1 L of water in a glass 1 L beakerréplication). Temperature
was 16C. Garcia Bend water: NH3-N = 0.04 mg/L, SRWTRugffit: NH3-N =
32 mg/L. No pH adjustments were done.
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C. Water Quality Data

Table A3. Results of water quality measurementsnduexperiment | (June 2008) in treatment: Sacramen
River at Garcia Bend.

Hardness Ammonia Unionized

Time . . EC Temp DO . ~ Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:ne?c/:an)ls I\élrtr:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 154.8 16.6 8.9 7.85 72 0.01 0.000 4.21
14 Day 1 9AM Final 17.5 9.0 7.77 0.08 0.001
21 Day 1 4PM Final 16.9 9.1 7.95 0.10 0.003 2.3
24 Day 1 Initial 160.4 16.1 9.4 7.82 64 0.03 0.000 14.2
38 Day 2 9AM Final 16.6 9.2 7.81 0.10 0.002
45 Day 2 4PM Final 16.6 9.2 7.85 0.11 0.002 3.2
48 Day 2 Initial 147.1 16.2 9.9 7.96 64 0.01 0.000 9.6
62 Day 3 9AM Final 16.8 9.7 7.93 0.13 0.003
69 Day 3 4PM Final 16.6 9.7 8.10 0.11 0.004 3.1
72 Day 3 Initial 146.9 16.9 9.5 7.86 72 0.03 0.001 115
86 Day 4 9AM Final 16.9 9.7 7.96 0.15 0.004
93 Day 4 4PM Final 16.9 9.4 8.00 0.13 0.004 3.2
96 Day 4 Initial 136.9 16.5 9.4 7.76 64 0.02 0.000 12.2
110 Day 5 9AM Final 16.6 9.6 8.09 0.09 0.003
117 Day 5 4PM Final 16.2 9.4 8.15 0.17 0.007 3.3
120 Day 5 Initial 123.2 16.7 9.6 7.95 56 0.03 0.001 14.6
134 Day 6 9AM Final 17.0 9.5 7.75 0.17 0.003
141 Day 6 4PM Final 16.1 9.5 8.05 0.16 0.005 35
144 Day 6 Initial 117.7 17.1 9.8 7.86 52 0.02 0.000 15.0
158 Day 7 9AM Final 17.3 9.5 7.94 0.15 0.004
162 Day 7 1PM Final 17.6 9.5 7.95 0.13 0.004 6 3.
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Table A4. Results of water quality measurementsnduExperiment | (June 2008) in treatment: Low

Conductivity (EC) Control.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 162.4 16.4 9.0 8.54 40 0.07 0.006 1.11
14 Day 1 9AM Final 16.7 9.3 7.68 0.03 0.000
21 Day 1 4PM Final 16.6 9.5 7.75 0.05 0.001 54
24 Day 1 Initial 168.2 16.6 9.2 8.18 48 0.10 0.004 11.1
38 Day 2 9AM Final 16.9 9.2 7.70 0.10 0.001
45 Day 2 4PM Final 16.3 9.6 7.73 0.11 0.002 5.8
48 Day 2 Initial 158.2 16.3 10.1 7.98 44 0.10 0.003 9.9
62 Day 3 9AM Final 16.9 9.3 7.70 0.23 0.003
69 Day 3 4PM Final 16.9 9.1 7.68 0.22 0.003 5.6
72 Day 3 Initial 151.9 16.4 9.2 8.31 40 0.07 0.004 10.9
86 Day 4 9AM Final 17.1 9.0 7.54 0.36 0.004
93 Day 4 4PM Final 17.2 9.2 7.52 0.40 0.004 5.3
96 Day 4 Initial 156.2 16.8 8.7 8.03 40 0.11 0.003 11.2
110 Day 5 9AM Final 17.2 9.1 7.55 0.37 0.004
117 Day 5 4PM Final 16.3 9.3 7.70 0.56 0.008 54
120 Day 5 Initial 111.5 16.9 8.5 7.92 32 0.10 0.002 9.0
134 Day 6 9AM Final 17.0 9.4 7.52 0.69 0.007
141 Day 6 4PM Final 16.6 8.8 7.57 0.47 0.005 6.4
144 Day 6 Initial 124.3 16.4 9.3 8.19 32 0.09 0.004 9.8
158 Day 7 9AM Final 17.2 9.4 7.59 0.45 0.005
162 Day 7 1PM Final 17.8 9.1 7.54 0.37 0.004 4 6
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Table A5. Results of water quality measurementsnduExperiment | (June 2008) in treatment: Hatchery
Water Control.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
Timepoint Name N pH (mg/L as Nitrogen Ammonia
(hrs) (uS/cm) (°C) (mg/L) cacQ) (mg/L) (mglL) (NTU)
0 Day 0 Initial 1528 17.0 9.1 7.86 236 0.11 0.002 1.61
14 Day 1 9AM Final 16.6 9.2 7.78 0.02 0.000
21 Day 1 4PM Final 16.6 9.3 7.92 0.05 0.001 54
24 Day 1 Initial 1481 16.9 9.4 7.88 240 0.07 0.001 11.6
38 Day 2 9AM Final 16.9 9.5 7.87 0.10 0.002
45 Day 2 4PM Final 16.2 9.3 7.96 0.12 0.003 4.2
48 Day 2 Initial 1497 16.5 9.9 7.96 240 0.11 0.003 19.9
62 Day 3 9AM Final 16.9 9.3 7.91 0.19 0.004
69 Day 3 4PM Final 16.8 9.2 7.96 0.18 0.004 5.2
72 Day 3 Initial 1527 16.4 9.4 8.01 239 0.09 0.003 115
86 Day 4 9AM Final 16.8 9.0 7.79 0.23 0.004
93 Day 4 4PM Final 17.2 8.9 7.82 0.27 0.005 55
96 Day 4 Initial 1501 16.9 9.0 7.97 236 0.12 0.003 26.6
110 Day 5 9AM Final 17.1 9.0 7.85 0.33 0.006
117 Day 5 4PM Final 16.3 9.1 7.97 0.41 0.010 4.9
120 Day 5 Initial 1500 16.8 9.0 8.05 236 0.11 0.003 221
134 Day 6 9AM Final 16.9 9.6 7.82 0.40 0.007
141 Day 6 4PM Final 16.3 9.3 7.91 0.38 0.008 6.5
144 Day 6 Initial 1480 16.1 9.7 8.17 212 0.11 0.004 38.2
158 Day 7 9AM Final 17.2 9.5 7.97 0.33 0.008
162 Day 7 1PM Final 17.6 9.1 7.99 0.31 0.008 3 5.
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Table A6. Results of water quality measurementsnduExperiment | (June 2008) in treatment: 0.25Lmg/
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 159.6 16.6 8.8 7.92 64 0.24 0.006 4.01
14 Day 1 9AM Final 17.2 9.5 7.88 0.23 0.005
21 Day 1 4PM Final 16.8 9.6 8.04 0.24 0.008 2.3
24 Day 1 Initial 156.3 16.1 10.0 7.88 60 0.26 0.005 14.0
38 Day 2 9AM Final 16.7 9.7 7.93 0.24 0.006
45 Day 2 4PM Final 16.5 9.6 7.95 0.27 0.007 2.8
48 Day 2 Initial 149.4 16.2 9.9 7.98 60 0.25 0.007 8.9
62 Day 3 9AM Final 16.8 9.5 7.98 0.31 0.009
69 Day 3 4PM Final 16.7 9.8 8.02 0.29 0.009 3.0
72 Day 3 Initial 152.6 17.1 9.7 7.90 60 0.24 0.006 9.2
86 Day 4 9AM Final 17.0 9.5 7.93 0.39 0.010
93 Day 4 4PM Final 17.1 9.4 8.00 0.36 0.011 2.6
96 Day 4 Initial 140.9 16.9 9.6 7.88 60 0.25 0.006 9.8
110 Day 5 9AM Final 16.6 9.6 8.03 0.25 0.008
117 Day 5 4PM Final 16.2 9.6 8.08 0.38 0.013 3.0
120 Day 5 Initial 125.6 16.5 9.9 7.94 56 0.26 0.006 145
134 Day 6 9AM Final 16.8 9.4 7.91 0.40 0.009
141 Day 6 4PM Final 16.4 9.4 8.10 0.36 0.013 4.7
144 Day 6 Initial 119.3 17.0 10.3 7.95 52 0.26 @.00 137
158 Day 7 9AM Final 17.1 9.7 7.98 0.38 0.011
162 Day 7 1PM Final 17.6 9.7 7.95 0.35 0.010 2 3.
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Table A7. Results of water quality measurementsnduExperiment | (June 2008) in treatment: 0.50 Lmg/
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 162.2 16.5 9.0 8.01 60 0.51 0.015 2.61
14 Day 1 9AM Final 16.9 9.4 7.85 0.42 0.009
21 Day 1 4PM Final 17.0 9.3 7.90 0.46 0.011 2.2
24 Day 1 Initial 162.2 16.4 10.2 7.90 60 0.51 0.011 12.6
38 Day 2 9AM Final 16.6 9.7 7.92 0.49 0.012
45 Day 2 4PM Final 16.6 9.4 7.97 0.52 0.014 3.2
48 Day 2 Initial 152.6 16.0 9.9 8.03 64 0.49 0.014 8.7
62 Day 3 9AM Final 16.8 9.4 7.98 0.43 0.012
69 Day 3 4PM Final 16.7 9.6 8.04 0.49 0.015 3.3
72 Day 3 Initial 153.6 16.9 10.0 7.92 60 0.49 0.012 9.3
86 Day 4 9AM Final 16.9 9.5 7.89 0.53 0.012
93 Day 4 4PM Final 17.1 9.2 7.96 0.52 0.014 34
96 Day 4 Initial 145.3 16.8 9.7 7.85 60 0.51 0.010 104
110 Day 5 9AM Final 16.7 9.5 7.99 0.42 0.012
117 Day 5 4PM Final 16.2 9.5 8.10 0.63 0.022 3.3
120 Day 5 Initial 125.8 16.8 9.8 7.99 52 0.50 0.014 13.0
134 Day 6 9AM Final 16.9 9.6 7.87 0.61 0.013
141 Day 6 4PM Final 16.4 9.4 8.01 0.59 0.017 4.1
144 Day 6 Initial 121.4 17.2 10.2 7.93 48 0.48 Q.01 12.6
158 Day 7 9AM Final 17.1 9.7 7.96 0.60 0.016
162 Day 7 1PM Final 17.6 9.7 7.94 0.53 0.014 4 3
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Table A8. Results of water quality measurementsnduExperiment | (June 2008) in treatment: 1.00 Lmg/
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 167.4 16.8 9.0 7.94 68 1.01 0.025 1.11
14 Day 1 9AM Final 16.9 9.4 7.85 0.78 0.016
21 Day 1 4PM Final 16.9 9.4 7.97 0.81 0.022 2.3
24 Day 1 Initial 167.5 16.5 10.1 7.85 60 1.03 0.021 111
38 Day 2 9AM Final 16.6 9.5 7.89 0.86 0.019
45 Day 2 4PM Final 16.3 9.3 7.91 0.98 0.022 2.9
48 Day 2 Initial 157.2 16.3 10.0 7.95 60 1.01 0.025 8.3
62 Day 3 9AM Final 16.8 9.6 7.96 0.92 0.024
69 Day 3 4PM Final 16.8 9.6 8.00 0.99 0.028 3.1
72 Day 3 Initial 156.8 17.1 10.0 7.92 60 0.98 0.024 9.9
86 Day 4 9AM Final 16.9 9.3 7.84 0.95 0.019
93 Day 4 4PM Final 17.0 9.3 7.97 0.96 0.026 3.9
96 Day 4 Initial 148.9 16.8 9.8 7.79 56 1.04 0.019 104
110 Day 5 9AM Final 16.9 9.6 7.96 0.84 0.022
117 Day 5 4PM Final 16.2 9.8 8.07 1.15 0.037 3.3
120 Day 5 Initial 130.4 16.8 9.8 7.87 52 1.02 0.022 123
134 Day 6 9AM Final 16.8 9.6 7.87 1.08 0.023
141 Day 6 4PM Final 16.7 9.5 7.99 1.06 0.030 3.0
144 Day 6 Initial 123.1 16.9 10.3 7.88 48 1.05 8.02 126
158 Day 7 9AM Final 17.2 9.6 7.90 1.07 0.025
162 Day 7 1PM Final 17.5 9.8 7.91 1.05 0.026 3 3.
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Table A9. Results of water quality measurementsnduExperiment | (June 2008) in treatment: 2.00 Lmg/
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 169.9 16.2 9.1 7.98 60 2.07 0.054 1.91
14 Day 1 9AM Final 16.6 9.3 7.83 1.53 0.029
21 Day 1 4PM Final 16.5 9.4 8.01 1.56 0.045 2.4
24 Day 1 Initial 175.9 16.7 10.3 7.87 60 2.00 0.042 11.9
38 Day 2 9AM Final 16.7 9.7 7.89 1.70 0.038
45 Day 2 4PM Final 16.4 9.6 7.92 1.81 0.042 3.0
48 Day 2 Initial 167.3 16.7 9.9 8.00 64 2.03 0.058 8.3
62 Day 3 9AM Final 16.7 9.6 7.96 1.76 0.046
69 Day 3 4PM Final 16.7 9.8 8.01 1.83 0.053 2.9
72 Day 3 Initial 168.3 17.3 9.9 7.98 60 2.04 0.058 10.1
86 Day 4 9AM Final 16.8 9.3 7.89 191 0.043
93 Day 4 4PM Final 17.0 9.3 7.90 1.85 0.043 35
96 Day 4 Initial 155.8 16.6 9.9 7.86 60 1.99 0.041 10.6
110 Day 5 9AM Final 16.9 9.4 7.96 1.67 0.044
117 Day 5 4PM Final 16.2 9.6 8.01 2.12 0.060 3.4
120 Day 5 Initial 137.9 16.9 10.0 7.94 56 2.02 Q.05 14.0
134 Day 6 9AM Final 16.8 9.6 7.83 2.05 0.040
141 Day 6 4PM Final 16.4 9.5 7.94 1.99 0.049 4.2
144 Day 6 Initial 119.8 16.3 8.7 7.90 52 2.09 0.047 12.0
158 Day 7 9AM Final 17.0 9.7 7.86 2.00 0.043
162 Day 7 1PM Final 17.6 9.5 7.94 1.97 0.053 4 3
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Table A10. Results of water quality measurementinguExperiment | (June 2008) in treatment: 4.00Lmng
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 192.3 16.8 9.0 8.00 64 4.12 0.118 1.81
14 Day 1 9AM Final 16.6 9.4 7.86 3.08 0.063
21 Day 1 4PM Final 16.7 9.6 7.99 3.10 0.086 2.3
24 Day 1 Initial 185.2 16.1 9.9 7.80 60 4.02 0.070 11.8
38 Day 2 9AM Final 16.5 9.8 7.92 3.30 0.077
45 Day 2 4PM Final 16.4 9.6 7.94 3.56 0.086 3.0
48 Day 2 Initial 180.7 16.6 10.0 7.88 64 3.94 0.085 8.6
62 Day 3 9AM Final 16.7 9.7 7.97 3.02 0.080
69 Day 3 4PM Final 16.7 9.7 8.04 3.88 0.120 3.0
72 Day 3 Initial 185.7 16.0 9.9 7.91 60 4.08 0.090 9.1
86 Day 4 9AM Final 16.8 9.5 7.88 3.66 0.080
93 Day 4 4PM Final 17.0 9.4 7.93 3.72 0.092 3.6
96 Day 4 Initial 172.1 16.5 9.8 7.77 60 3.84 0.064 12.6
110 Day 5 9AM Final 16.8 9.5 7.94 3.78 0.095
117 Day 5 4PM Final 16.3 9.7 8.04 3.90 0.118 3.4
120 Day 5 Initial 184.5 16.9 10.1 7.84 56 4.20 a.08 13.1
134 Day 6 9AM Final 16.8 9.6 7.90 3.92 0.090
141 Day 6 4PM Final 16.4 9.5 7.93 1.96 0.047 3.9
144 Day 6 Initial 145.5 16.3 10.3 7.86 52 3.96 0.08 26.1
158 Day 7 9AM Final 17.0 9.6 7.97 3.50 0.095
162 Day 7 1PM Final 17.4 9.7 7.93 3.82 0.098 6 3.
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Table All. Results of water quality measurementinguExperiment | (June 2008) in treatment: 0.25Lmng
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
Timepoint Name N pH (mg/L as Nitrogen Ammonia
(hrs) (uS/cm) (°C) (mg/L) cacQ) (mg/L) (mglL) (NTU)
0 Day 0 Initial 162.8 16.7 9.1 7.99 60 0.26 0.007 1.31
14 Day 1 9AM Final 16.7 9.5 7.88 0.24 0.005
21 Day 1 4PM Final 16.5 9.5 8.02 0.26 0.008 2.6
24 Day 1 Initial 158.5 16.4 10.2 7.84 68 0.24 0.005 11.3
38 Day 2 9AM Final 16.6 9.6 7.94 0.26 0.006
45 Day 2 4PM Final 16.3 9.8 7.98 0.27 0.007 3.3
48 Day 2 Initial 153 16.3 10.1 7.96 60 0.24 0.006 .18
62 Day 3 9AM Final 16.7 9.6 8.01 0.30 0.009
69 Day 3 4PM Final 16.7 9.6 8.03 0.29 0.009 3.1
72 Day 3 Initial 155.1 16.6 10.0 7.99 64 0.26 0.007 9.8
86 Day 4 9AM Final 16.8 9.5 7.95 0.30 0.008
93 Day 4 4PM Final 17.0 9.5 7.97 0.34 0.009 3.6
96 Day 4 Initial 142 16.0 9.7 7.93 60 0.24 0.006 29
110 Day 5 9AM Final 16.8 9.5 8.01 0.30 0.009
117 Day 5 4PM Final 16.2 9.4 8.09 0.36 0.012 3.1
120 Day 5 Initial 128.6 17.0 10.0 7.96 56 0.25 @.00 13.4
134 Day 6 9AM Final 16.7 9.7 7.94 0.38 0.010
141 Day 6 4PM Final 16.7 9.8 7.96 0.32 0.008 34
144 Day 6 Initial 118.2 16.1 8.8 7.90 52 0.24 0.005 95
158 Day 7 9AM Final 17.1 9.8 8.00 0.34 0.010
162 Day 7 1PM Final 17.6 9.7 7.98 0.30 0.009 0 3.
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Table A12. Results of water quality measurementinguExperiment | (June 2008) in treatment: 0.50Ling
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 168.3 16.8 9.1 7.90 64 0.49 0.011 0.41
14 Day 1 9AM Final 16.6 9.4 7.86 0.36 0.007
21 Day 1 4PM Final 16.6 9.5 7.98 0.41 0.011 2.7
24 Day 1 Initial 165.5 16.5 10.1 7.77 72 0.52 0.009 104
38 Day 2 9AM Final 16.7 9.7 7.93 0.44 0.011
45 Day 2 4PM Final 16.2 9.8 7.96 0.47 0.012 3.2
48 Day 2 Initial 161.2 16.6 10.0 7.88 64 0.50 0.011 84
62 Day 3 9AM Final 16.8 9.5 7.99 0.47 0.013
69 Day 3 4PM Final 16.7 9.6 8.04 0.52 0.016 34
72 Day 3 Initial 160.7 16.2 10.0 7.89 64 0.46 0.010 9.7
86 Day 4 9AM Final 16.7 9.5 7.92 0.54 0.013
93 Day 4 4PM Final 17.1 9.3 7.95 0.53 0.014 3.7
96 Day 4 Initial 149.8 16.0 9.9 7.75 60 0.48 0.007 11.4
110 Day 5 9AM Final 16.9 9.4 7.95 0.52 0.013
117 Day 5 4PM Final 16.2 9.5 8.06 0.60 0.019 3.2
120 Day 5 Initial 132.5 16.4 10.3 7.82 52 0.48 0.00 13.7
134 Day 6 9AM Final 16.7 9.6 7.89 0.58 0.013
141 Day 6 4PM Final 16.6 9.4 7.94 0.56 0.014 3.5
144 Day 6 Initial 124.5 16.1 10.2 7.81 52 0.50 0.00 223
158 Day 7 9AM Final 17.4 9.6 7.95 0.57 0.015
162 Day 7 1PM Final 17.6 9.7 7.92 0.54 0.014 3 3.
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Table A13. Results of water quality measurementinguExperiment | (June 2008) in treatment: 1.00Lmng
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 178.8 16.5 9.5 7.83 68 0.96 0.018 5.71
14 Day 1 9AM Final 17.0 9.5 7.93 0.66 0.016
21 Day 1 4PM Final 16.6 9.5 8.02 0.72 0.021 2.4
24 Day 1 Initial 174.8 16.3 10.3 7.78 68 0.95 0.016 15.7
38 Day 2 9AM Final 16.7 9.8 7.98 0.39 0.011
45 Day 2 4PM Final 16.2 9.8 8.03 0.84 0.025 3.2
48 Day 2 Initial 170.5 16.4 10.2 7.82 64 0.98 0.018 8.1
62 Day 3 9AM Final 16.9 9.5 8.02 0.87 0.026
69 Day 3 4PM Final 16.9 9.7 8.08 0.84 0.029 3.6
72 Day 3 Initial 169 16.4 10.1 7.86 64 0.97 0.020 7 8
86 Day 4 9AM Final 16.8 9.6 8.01 0.98 0.029
93 Day 4 4PM Final 17.2 9.5 8.05 0.94 0.031 4.0
96 Day 4 Initial 162.4 16.2 10.0 7.81 60 1.04 0.019 11.6
110 Day 5 9AM Final 17.1 9.4 8.03 0.95 0.030
117 Day 5 4PM Final 16.2 9.7 8.11 1.06 0.037 3.1
120 Day 5 Initial 142 16.0 10.2 7.87 60 0.96 0.019 10.2
134 Day 6 9AM Final 16.8 9.7 7.95 1.04 0.027
141 Day 6 4PM Final 16.6 9.5 7.96 1.01 0.026 3.3
144 Day 6 Initial 135.3 15.7 10.3 7.69 56 0.95 68.01 21.5
158 Day 7 9AM Final 17.4 9.8 8.00 0.97 0.029
162 Day 7 1PM Final 17.8 9.7 7.97 1.00 0.029 1 3.
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Table Al4. Results of water quality measurementinguExperiment | (June 2008) in treatment: 2.00Lg
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 200.1 16.5 9.3 7.65 72 2.01 0.025 2.41
14 Day 1 9AM Final 16.9 9.6 7.87 1.41 0.030
21 Day 1 4PM Final 16.5 9.6 8.04 1.48 0.045 2.5
24 Day 1 Initial 201.6 16.7 10.0 7.60 72 1.95 0.022 124
38 Day 2 9AM Final 16.7 9.8 7.95 1.62 0.041
45 Day 2 4PM Final 16.2 9.8 8.08 1.71 0.056 3.1
48 Day 2 Initial 192.8 16.8 9.9 7.72 64 1.94 0.029 84
62 Day 3 9AM Final 16.8 9.6 8.02 1.73 0.052
69 Day 3 4PM Final 16.9 9.6 8.06 1.62 0.053 3.5
72 Day 3 Initial 199.6 16.4 10.2 7.75 68 1.99 0.031 9.6
86 Day 4 9AM Final 17.0 9.5 7.96 1.98 0.052
93 Day 4 4PM Final 17.3 9.4 7.98 1.91 0.054 3.2
96 Day 4 Initial 183 15.3 10.1 7.56 64 2.03 0.019 o0.01
110 Day 5 9AM Final 17.1 9.6 8.02 1.92 0.059
117 Day 5 4PM Final 16.2 9.6 8.14 2.11 0.079 3.1
120 Day 5 Initial 165.6 16.0 10.1 7.65 60 1.95 a.02 11.3
134 Day 6 9AM Final 16.9 9.7 7.95 2.01 0.052
141 Day 6 4PM Final 16.7 9.5 7.92 2.05 0.049 3.4
144 Day 6 Initial 149.5 15.7 10.3 7.68 56 2.08 @.02 1238
158 Day 7 9AM Final 17.4 9.8 8.02 1.94 0.061
162 Day 7 1PM Final 17.7 9.6 7.99 1.82 0.055 2 3.
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Table A15. Results of water quality measurement;iglExperiment 1l (July 2008) in treatment: Sacesuio
River at Garcia Bend.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 121.3 15.5 9.3 7.70 52 0.01 0.000 07
14 Day 1 9AM Final 17.9 9.6 7.92 0.14 0.004
21 Day 1 4PM Final 19.3 9.3 7.96 0.14 0.004 2.3
24 Day 1 Initial 117.9 15.0 9.5 7.83 60 0.01 0.000 4.4
38 Day 2 9AM Final 16.7 10.1 7.94 0.22 0.006
45 Day 2 4PM Final 17.3 9.5 8.14 0.16 0.007 1.9
48 Day 2 Initial 125.1 15.3 9.8 7.85 56 0.02 0.000 4.6
62 Day 3 9AM Final 16.5 10.1 8.02 0.21 0.006
69 Day 3 4PM Final 16.7 9.5 8.01 0.15 0.004 2.0
72 Day 3 Initial 119.2 16.0 9.4 7.89 56 0.11 0.002 5.9
86 Day 4 9AM Final 16.4 10.0 8.06 0.18 0.006
93 Day 4 4PM Final 16.4 10.0 8.13 0.06 0.002 2.0
96 Day 4 Initial 115 16.0 9.5 7.86 56 0.03 0.000 4 5.
110 Day 5 9AM Final 16.3 9.9 8.03 0.18 0.005
117 Day 5 4PM Final 16.7 9.5 7.95 0.40 0.010 1.9
120 Day 5 Initial 115.5 16.2 9.5 7.87 48 0.01 0.000 5.6
134 Day 6 9AM Final 16.6 9.7 7.81 0.20 0.004
141 Day 6 4PM Final 17.1 9.6 7.91 0.15 0.004 1.7
144 Day 6 Initial 119.9 16.9 9.7 7.84 0.01 0.000 57
158 Day 7 9AM Final 16.5 10.1 7.83 0.13 0.003
162 Day 7 1PM Final 17.4 9.3 7.96 0.08 0.002 91
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Table Al6. Results of water quality measurementsnguExperiment Il (July 2008) in treatment: Low
Conductivity (EC) Control.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 131.1 15.3 8.9 7.87 44 0.08 0.002 0.31
14 Day 1 9AM Final 17.9 9.3 7.79 0.17 0.003
21 Day 1 4PM Final 18.8 8.7 7.66 0.20 0.003 4.1
24 Day 1 Initial 135.5 17.2 8.1 7.55 20 0.01 0.000 4.7
38 Day 2 9AM Final 17.4 9.1 7.61 1.70 0.021
45 Day 2 4PM Final 17.5 8.9 7.61 0.26 0.003 3.8
48 Day 2 Initial 128.1 17.1 9.0 7.85 40 0.06 0.001 5.6
62 Day 3 9AM Final 16.8 8.9 7.51 0.38 0.004
69 Day 3 4PM Final 16.5 8.7 7.44 0.28 0.002 4.2
72 Day 3 Initial 129.6 16.5 8.3 7.99 36 0.65 0.018 5.8
86 Day 4 9AM Final 16.3 9.7 7.46 0.37 0.003
93 Day 4 4PM Final 16.9 9.0 7.66 0.23 0.003 4.0
96 Day 4 Initial 121.8 16.8 10.3 8.01 36 0.08 0.002 5.4
110 Day 5 9AM Final 16.5 9.4 7.56 0.35 0.004
117 Day 5 4PM Final 16.9 9.3 7.52 0.35 0.003 3.1
120 Day 5 Initial 129.7 17.1 9.2 7.85 40 0.03 0.001 5.6
134 Day 6 9AM Final 16.5 9.4 7.53 0.34 0.003
141 Day 6 4PM Final 17.5 8.9 7.52 0.27 0.003 3.3
144 Day 6 Initial 124 16.9 9.0 7.88 0.04 0.001 7.0
158 Day 7 9AM Final 16.4 9.3 7.48 0.28 0.002

162 Day 7 1PM Final 17.8 8.4 7.46 0.20 0.002 1 4.




Table A17. Results of water quality measurementinduExperiment 1l (July 2008) in treatment: Hatche
Water Control.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 1111 15.1 8.6 7.89 152 0.09 0.002 25
14 Day 1 9AM Final 17.8 9.2 7.88 0.14 0.003
21 Day 1 4PM Final 18.4 9.2 7.91 0.17 0.004 4.4
24 Day 1 Initial 1162 17.6 8.8 8.00 144 0.03 0.001 3.1
38 Day 2 9AM Final 16.9 9.7 7.85 0.28 0.005
45 Day 2 4PM Final 17.2 9.5 7.85 0.24 0.005 4.8
48 Day 2 Initial 1170 17.1 8.7 8.06 144 0.11 0.003 11.2
62 Day 3 9AM Final 16.8 9.7 7.92 0.31 0.007
69 Day 3 4PM Final 16.2 9.5 7.87 0.28 0.005 4.1
72 Day 3 Initial 1146 15.9 9.0 8.05 144 0.11 0.003 10.8
86 Day 4 9AM Final 16.0 9.8 7.88 0.31 0.006
93 Day 4 4PM Final 16.4 9.8 7.93 0.21 0.005 55
96 Day 4 Initial 1151 16.5 8.8 8.18 144 0.15 0.006 11.3
110 Day 5 9AM Final 16.2 9.7 7.94 0.37 0.008
117 Day 5 4PM Final 17.1 9.3 7.80 0.36 0.006 5.6
120 Day 5 Initial 1178 16.1 9.2 7.98 144 0.11 0.003 12.2
134 Day 6 9AM Final 16.4 9.7 7.85 0.39 0.007
141 Day 6 4PM Final 17.3 9.2 7.83 0.31 0.006 4.9
144 Day 6 Initial 1175 16.8 8.9 7.94 0.04 0.001 .011
158 Day 7 9AM Final 16.3 9.8 7.79 0.41 0.007

162 Day 7 1PM Final 17.5 9.0 7.74 0.29 0.004 7 4.




Table Al18. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 1.0@/in
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 127.2 15.2 9.8 7.71 76 0.95 0.013 514
14 Day 1 9AM Final 17.5 9.7 7.90 0.63 0.015
21 Day 1 4PM Final 19.3 9.4 7.95 0.64 0.020 2.5
24 Day 1 Initial 126.7 15.2 10.0 7.89 56 1.02 0.020 4.6
38 Day 2 9AM Final 16.3 10.1 7.78 0.83 0.014
45 Day 2 4PM Final 16.8 9.8 8.06 0.97 0.032 1.9
48 Day 2 Initial 130.6 15.5 9.7 7.71 52 0.94 0.013 4.7
62 Day 3 9AM Final 16.6 10.0 8.01 0.96 0.028
69 Day 3 4PM Final 16.5 9.8 7.98 0.96 0.026 1.8
72 Day 3 Initial 125.3 16.0 9.9 7.90 52 1.04 0.023 4.7
86 Day 4 9AM Final 16.4 10.1 7.99 0.99 0.027
93 Day 4 4PM Final 16.5 10.2 8.07 0.90 0.030 2.3
96 Day 4 Initial 123.7 15.8 10.2 7.78 52 1.06 0.017 438
110 Day 5 9AM Final 16.2 10.0 8.02 1.04 0.030
117 Day 5 4PM Final 16.5 9.7 7.91 1.30 0.030 1.9
120 Day 5 Initial 121.5 15.8 10.1 7.79 48 0.99 @.01 51
134 Day 6 9AM Final 16.5 9.8 7.87 1.13 0.024
141 Day 6 4PM Final 17.4 9.4 7.92 1.01 0.025 2.0
144 Day 6 Initial 126.8 16.3 10.0 7.82 0.98 0.018 6.7
158 Day 7 9AM Final 16.2 10.1 7.88 1.11 0.023

162 Day 7 1PM Final 17.6 9.6 7.93 0.90 0.024 8 1.




Table A19. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 2.0@/in
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)

0 Day 0 Initial 134.9 15.0 10.0 7.92 40 1.93 0.041 4.9

14 Day 1 9AM Final 17.8 9.5 7.93 1.22 0.032

21 Day 1 4PM Final 18.7 9.4 7.92 1.25 0.034 2.3

24 Day 1 Initial 133.2 15.0 10.1 7.87 60 1.97 0.037 44

38 Day 2 9AM Final 16.8 10.0 7.98 1.52 0.042

45 Day 2 4PM Final 17.2 9.8 8.05 1.77 0.059 1.9
48 Day 2 Initial 149.3 16.5 10.0 7.92 52 1.90 0.045 4.7

62 Day 3 9AM Final 16.3 9.9 8.03 1.80 0.053

69 Day 3 4PM Final 16.7 10.0 8.06 1.78 0.058 1.8

72 Day 3 Initial 133.6 15.4 10.2 7.93 56 2.00 0.044 43

86 Day 4 9AM Final 16.5 10.1 8.06 1.87 0.060

93 Day 4 4PM Final 16.5 104 8.11 1.85 0.067 2.0

96 Day 4 Initial 128.9 15.5 10.2 7.85 56 2.06 0.039 55
110 Day 5 9AM Final 16.2 10.0 8.03 2.09 0.062

117 Day 5 4PM Final 16.4 9.9 7.99 2.26 0.062 1.8
120 Day 5 Initial 131.6 15.9 10.3 7.84 52 1.92 6.03 51
134 Day 6 9AM Final 16.4 9.8 7.85 2.09 0.042

141 Day 6 4PM Final 17.5 9.5 7.94 1.95 0.052 2.0
144 Day 6 Initial 134.9 16.3 10.1 7.85 1.98 0.039 6.5
158 Day 7 9AM Final 16.2 10.2 7.93 2.14 0.050

162 Day 7 1PM Final 17.2 10.0 7.94 1.85 0.048 81




Table A20. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 4.0@/in
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 154.6 15.0 9.8 7.84 56 3.84 0.067 74
14 Day 1 9AM Final 17.4 9.6 7.94 2.14 0.056
21 Day 1 4PM Final 18.0 9.3 7.94 2.44 0.067 2.5
24 Day 1 Initial 152.9 15.7 9.9 7.66 56 3.82 0.047 51
38 Day 2 9AM Final 16.5 10.1 7.88 3.04 0.065
45 Day 2 4PM Final 16.7 9.8 7.99 4.08 0.114 2.0
48 Day 2 Initial 157.6 16.8 10.0 7.83 64 3.86 0.076 5.1
62 Day 3 9AM Final 16.6 9.9 8.00 4.00 0.113
69 Day 3 4PM Final 16.7 9.8 8.00 3.54 0.101 1.9
72 Day 3 Initial 153 16.2 9.6 7.87 52 4.08 0.084 4 5.
86 Day 4 9AM Final 16.5 10.1 8.01 3.92 0.113
93 Day 4 4PM Final 16.5 104 8.07 4.18 0.137 2.0
96 Day 4 Initial 149.6 16.2 10.2 7.85 52 4.00 0.079 5.0
110 Day 5 9AM Final 16.4 10.0 8.00 4.06 0.113
117 Day 5 4PM Final 16.7 9.6 7.91 2.75 0.064 1.9
120 Day 5 Initial 152 16.1 10.1 7.78 52 4.12 0.069 54
134 Day 6 9AM Final 16.4 9.8 7.88 4.18 0.089
141 Day 6 4PM Final 17.5 9.5 7.97 4.00 0.113 1.9
144 Day 6 Initial 150.1 15.7 10.2 7.76 4.08 0.063 7.0
158 Day 7 9AM Final 16.2 10.2 7.88 4.14 0.087

162 Day 7 1PM Final 17.4 9.9 7.89 3.52 0.082 0 2.




Table A21. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 8.0@/in
Ammonia/-ium from Ammonia-Chloride.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 186.5 15.0 9.8 7.83 56 8.20 0.140 25
14 Day 1 9AM Final 17.6 9.5 7.94 4.76 0.126
21 Day 1 4PM Final 18.3 9.5 7.96 4.80 0.140 2.2
24 Day 1 Initial 187.1 15.7 9.7 7.85 56 7.72 0.145 5.0
38 Day 2 9AM Final 16.8 9.9 7.95 6.48 0.165
45 Day 2 4PM Final 16.9 9.4 8.04 6.48 0.204 1.9
48 Day 2 Initial 197.5 16.0 9.9 7.93 52 8.16 0.188 5.6
62 Day 3 9AM Final 16.7 9.8 7.99 9.00 0.250
69 Day 3 4PM Final 16.4 9.8 8.01 7.52 0.213 1.8
72 Day 3 Initial 185.3 154 10.1 7.87 52 8.32 0.160 4.9
86 Day 4 9AM Final 16.3 10.2 8.00 7.88 0.217
93 Day 4 4PM Final 16.7 10.3 8.07 7.64 0.253 2.1
96 Day 4 Initial 186.8 16.4 10.0 7.83 52 8.16 0.155 4.8
110 Day 5 9AM Final 16.3 10.1 7.99 8.04 0.217
117 Day 5 4PM Final 16.6 9.9 7.91 8.32 0.191 1.9
120 Day 5 Initial 181.9 16.2 10.5 7.76 52 7.88 6.12 5.0
134 Day 6 9AM Final 16.3 9.9 7.89 8.32 0.179
141 Day 6 4PM Final 17.1 9.6 7.89 7.68 0.175 1.8
144 Day 6 Initial 185.2 15.7 10.5 7.79 8.36 0.137 65
158 Day 7 9AM Final 16.1 10.1 7.90 8.04 0.174

162 Day 7 1PM Final 17.4 9.9 7.88 7.08 0.161 0 2.




Table A22. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 0.5@/in
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)

0 Day 0 Initial 131.0 15.1 10.0 7.81 60 0.48 0.008 95

14 Day 1 9AM Final 17.5 9.6 7.93 0.36 0.009

21 Day 1 4PM Final 18.6 9.5 7.99 0.42 0.013 2.2

24 Day 1 Initial 132.1 15.7 9.9 7.82 56 0.54 0.010 71

38 Day 2 9AM Final 17.0 9.8 7.94 0.55 0.014

45 Day 2 4PM Final 16.9 9.5 8.08 0.53 0.018 2.0

48 Day 2 Initial 134.5 16.4 10.1 7.88 56 0.52 0.011 6.0

62 Day 3 9AM Final 16.8 10.0 8.05 0.63 0.020

69 Day 3 4PM Final 16.2 9.9 8.07 0.58 0.019 1.8

72 Day 3 Initial 130.4 16.7 9.7 7.89 56 0.52 0.012 4.9

86 Day 4 9AM Final 16.2 10.1 8.07 0.56 0.018

93 Day 4 4PM Final 16.3 10.3 8.12 0.46 0.017 1.9

96 Day 4 Initial 1315 16.3 9.9 7.81 56 0.51 0.009 4.9
110 Day 5 9AM Final 16.1 10.1 8.04 0.61 0.018

117 Day 5 4PM Final 16.2 10.1 7.99 0.88 0.024 1.8
120 Day 5 Initial 128.9 15.8 10.1 7.79 56 0.50 8.00 5.9
134 Day 6 9AM Final 16.3 9.9 7.95 0.62 0.015
141 Day 6 4PM Final 16.8 9.7 7.96 0.60 0.016 1.6
144 Day 6 Initial 136.4 16.6 10.1 7.77 0.50 0.008 6.7
158 Day 7 9AM Final 16.0 10.2 7.97 0.66 0.017

162 Day 7 1PM Final 17.2 9.7 7.95 0.54 0.014 6 1.




Table A23. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 1.0@/in
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 139.7 15.2 10.1 7.76 60 0.95 0.014 7.3
14 Day 1 9AM Final 17.6 9.6 8.00 0.61 0.019
21 Day 1 4PM Final 17.6 9.5 8.00 0.75 0.023 2.4
24 Day 1 Initial 144.3 15.6 10.1 7.80 60 1.00 0.017 6.6
38 Day 2 9AM Final 16.4 10.0 7.94 0.58 0.014
45 Day 2 4PM Final 16.5 9.4 8.00 1.02 0.029 1.8
48 Day 2 Initial 145 16.5 9.8 7.87 56 0.96 0.020 5 4.
62 Day 3 9AM Final 16.6 10.0 8.03 1.07 0.032
69 Day 3 4PM Final 16.2 9.9 8.03 1.00 0.029 1.8
72 Day 3 Initial 143.2 16.1 9.8 7.86 60 0.97 0.019 5.2
86 Day 4 9AM Final 16.3 10.1 8.08 1.02 0.034
93 Day 4 4PM Final 16.3 10.3 8.13 0.91 0.034 1.9
96 Day 4 Initial 141 16.3 10.3 7.84 60 0.98 0.019 85
110 Day 5 9AM Final 16.1 9.9 8.05 1.08 0.033
117 Day 5 4PM Final 16.4 9.9 8.01 1.35 0.039 1.9
120 Day 5 Initial 170.7 16.1 10.3 7.78 60 0.97 6.01 5.7
134 Day 6 9AM Final 16.2 9.9 7.95 1.10 0.027
141 Day 6 4PM Final 17.2 9.8 7.94 1.07 0.028 1.7
144 Day 6 Initial 147.2 16.5 10.3 7.77 0.97 0.016 6.4
158 Day 7 9AM Final 16.0 10.2 7.98 1.13 0.029
162 Day 7 1PM Final 16.8 9.8 7.95 1.02 0.026 71
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Table A24. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 2.0@/in
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)

0 Day 0 Initial 165.6 15.0 10.0 7.62 68 2.07 0.022 7.4

14 Day 1 9AM Final 17.2 9.5 7.86 1.31 0.028

21 Day 1 4PM Final 18.1 9.3 7.95 1.39 0.039 2.2

24 Day 1 Initial 170.2 15.8 9.8 7.65 64 1.89 0.023 5.7

38 Day 2 9AM Final 16.7 9.8 7.89 1.63 0.036

45 Day 2 4PM Final 16.8 9.7 8.00 1.94 0.056 1.9

48 Day 2 Initial 169.3 15.3 10.0 7.68 60 1.85 0.023 45

62 Day 3 9AM Final 16.7 9.8 7.95 1.84 0.047

69 Day 3 4PM Final 16.1 9.8 7.97 1.85 0.047 1.8

72 Day 3 Initial 167.6 16.7 9.9 7.75 52 1.95 0.032 4.8

86 Day 4 9AM Final 16.3 10.1 8.05 1.87 0.058

93 Day 4 4PM Final 16.3 10.3 8.08 1.94 0.064 2.0

96 Day 4 Initial 169.1 16.3 10.0 7.47 52 1.92 0.016 5.6
110 Day 5 9AM Final 16.2 9.9 8.03 1.89 0.055

117 Day 5 4PM Final 16.4 9.8 7.90 2.25 0.050 1.9
120 Day 5 Initial 169.5 15.6 10.3 7.59 60 2.03 Q.02 5.6
134 Day 6 9AM Final 16.2 9.9 7.93 2.07 0.049

141 Day 6 4PM Final 17.0 9.6 7.87 2.01 0.044 1.6
144 Day 6 Initial 172.7 16.2 10.2 7.56 2.09 0.021 6.4
158 Day 7 9AM Final 16.0 10.2 7.93 2.17 0.050

162 Day 7 1PM Final 16.9 9.8 7.86 2.00 0.042 7 1.




Table A25. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 4.0@/in
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 212.2 15.1 10.2 7.54 68 3.86 0.034 7.6
14 Day 1 9AM Final 17.7 9.3 7.86 2.32 0.051
21 Day 1 4PM Final 18.4 9.1 7.89 2.62 0.065 2.4
24 Day 1 Initial 217.7 15.8 10.1 7.48 64 3.80 0.031 6.2
38 Day 2 9AM Final 16.8 9.7 7.78 3.26 0.057
45 Day 2 4PM Final 16.8 9.5 7.88 3.30 0.072 2.1
48 Day 2 Initial 214 16.0 10.0 7.57 64 3.70 0.038 05
62 Day 3 9AM Final 16.7 9.7 7.91 5.00 0.115
69 Day 3 4PM Final 16.3 9.7 7.95 3.60 0.088 2.0
72 Day 3 Initial 216 16.2 9.8 7.51 64 3.80 0.034 5 5.
86 Day 4 9AM Final 16.4 10.1 7.95 3.76 0.093
93 Day 4 4PM Final 16.5 10.2 8.02 3.24 0.094 1.9
96 Day 4 Initial 220.9 15.9 10.0 7.54 64 3.88 0.036 5.8
110 Day 5 9AM Final 16.4 9.8 7.94 3.84 0.093
117 Day 5 4PM Final 16.5 9.7 7.84 4.14 0.080 2.1
120 Day 5 Initial 219.5 15.1 10.7 7.48 64 6.02 6.04 5.9
134 Day 6 9AM Final 16.6 9.8 7.91 4.20 0.096
141 Day 6 4PM Final 17.2 9.6 7.92 3.84 0.094 1.4
144 Day 6 Initial 226.5 16.3 10.4 7.49 4.06 0.035 6.3
158 Day 7 9AM Final 16.3 9.9 7.80 4.28 0.075
162 Day 7 1PM Final 17.2 9.5 7.79 3.76 0.069 91
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Table A26. Results of water quality measurementindltExperiment 1l (July 2008) in treatment: 8.0@/in
Ammonia/-ium from SRWTP Effluent.

Hardness Ammonia Unionized

Time . . EC Temp DO . - Turbidity
(hrs) Timepoint Name (uS/cm) C) (mg/L) pH (cr:nfc/:l_qe)ls l\élrt‘:g/gsn A(rpnrg/cl)_r;la (NTU)
0 Day 0 Initial 245.0 15.0 10.0 7.26 80 7.92 0.037 6.9
14 Day 1 9AM Final 17.3 9.3 7.88 4.44 0.099
21 Day 1 4PM Final 18.7 9.0 7.90 5.12 0.132 2.5
24 Day 1 Initial 315.5 15.1 10.1 7.25 80 8.16 0.037 6.1
38 Day 2 9AM Final 16.9 9.9 7.83 6.80 0.131
45 Day 2 4PM Final 17.3 9.4 8.05 7.00 0.228 2.1
48 Day 2 Initial 339.1 17.0 10.1 7.34 76 7.88 0.050 5.3
62 Day 3 9AM Final 16.5 9.8 7.95 9.00 0.221
69 Day 3 4PM Final 16.4 9.7 7.98 7.88 0.205 2.2
72 Day 3 Initial 320.2 15.1 10.1 7.29 80 8.44 0.042 6.1
86 Day 4 9AM Final 16.4 9.9 7.96 8.00 0.199
93 Day 4 4PM Final 16.7 10.0 8.04 7.60 0.231 2.5
96 Day 4 Initial 331.5 15.8 10.3 7.15 80 7.96 0.030 5.8
110 Day 5 9AM Final 16.6 9.9 7.98 7.68 0.203
117 Day 5 4PM Final 16.9 9.3 7.73 7.96 0.122 2.5
120 Day 5 Initial 3335 16.5 10.1 7.23 76 8.20 0.03 5.3
134 Day 6 9AM Final 16.7 9.6 7.81 8.20 0.149
141 Day 6 4PM Final 17.3 9.6 7.86 7.72 0.164 2.1
144 Day 6 Initial 340.4 16.6 10.3 7.22 7.96 0.037 5.5
158 Day 7 9AM Final 16.5 9.9 7.82 8.28 0.152
162 Day 7 1PM Final 17.3 9.5 7.80 7.76 0.144 0 2.
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D. SRWTP Results of NPDES Testing

Table A27. Water quality data and results of WEStitegy performed by SRWTP.

DFE pH
EFFLUENT EFF AVG DFE Turbidity | Fathead 96-hr FHM
Test FLOW- NH3-N | (Dischar DFE composite EFFLUENT (Average WET Flow-through
Point ACC 9 COMP ged) composite Temp TEMPERATURE | TSS EQOS) (IC25) Survival
Units MGD MG/L pH pH Deg C DEGF MG/L NTU TUc %
6/4/2008 143 6.4 75.0 8 5.9
6/5/2008 144 26 6.4 75.3 9 7.6 100
6/6/2008 146 6.4 75.5 8 7.4
6/7/2008 1425 6.4 75.3 7 5.2
6/8/2008 129.9 23 6.2 75.3 8 4.5
6/9/2008 140.4 6.4 75.6 7 4.9 95
6/10/2008 143.4 26 6.4 75.9 8 5.1
7/15/2008 149.3 24 6.2 78.7 8 4.7
7/16/2008 144.2 6.3 6.6 7.9 78.8 9 53 95
7/17/2008 144.3 6.2 6.6 75 79.0 6.1
7/18/2008 143 6.2 6.6 8.7 79.0 11 7.2 12
7/19/2008 141.7 6.2 6.5 7.8 79.0 11 8.5
7/20/2008 137.4 20 6.2 6.5 7.3 78.6 10 8.4
7/21/2008 108.6 6.2 6.5 7.0 78.4 11 7.1 9
7/22/2008 168.7 22 6.2 6.5 6.5 78.2 7 4.7
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